Recurrent selection for high self-fertility in Vernal alfalfa (Medicago sativa L.) by Villegas, Cesar Tolentino
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1970
Recurrent selection for high self-fertility in Vernal
alfalfa (Medicago sativa L.)
Cesar Tolentino Villegas
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Villegas, Cesar Tolentino, "Recurrent selection for high self-fertility in Vernal alfalfa (Medicago sativa L.) " (1970). Retrospective Theses
and Dissertations. 4805.
https://lib.dr.iastate.edu/rtd/4805
71-7338 
VILLEGAS, Cesar Tolentino, 1942-
RECURRENT SELECTION FOR HIGH SELF-FERTILITY IN 
VERNAL ALFALFA (MEDICAGO SATIVA L.). 
Iowa State University, Ph.D., 1970 
Agronomy 
University Microfilms, Inc., Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED 
RECURRENT SELECTION FOR HIGH SELF-FERTILITY 
IN VERNAL ALFALFA (MEDICAGO SATIVA L.) 
by 
Cesar Tolentino Villegas 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Plant Breeding 
Approved : 
In C é® of Majbr Work 
of Major Department 
Dë^ Grâduap CÔÎlë^ 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1970 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
11 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 3 
MATERIALS MJD METHODS 25 
Source and Identification of Materials 2 5 
First Cycle Population 26 
Greenhouse procedures 26 
Field procedures 29 
Second Cycle Population 30 
Greenhouse procedures 30 
Field procedures 32 
Third Cycle Population 37 
Greenhouse procedures 37 
Field procedures 38 
Analysis of Fertility Data 39 
First- and second-cycle populations 39 
Third-cycle population 4l 
Analysis of Agronomic Data 40 
RESULTS 42 
Greenhouse Studies ^•Z 
Self- and cross-fertility 42 
Phenotypic correlations 4? 
Field Studies 50 
Self-fertility 50 
Agronomic traits 63 
DISCUSSION 77 
ill 
Page 
SUI4MARY MID CONCLUSIONS 83 
BIBLIOGRAPHY 86 
ACKNOWLEDGMENTS 94 
APPENDIX 95 
1 
INTRODUCTION 
Naturally, alfalfa, Med.lcap;o satlva L. , is an outcross­
ing species. Attempts to inbreed alfalfa through self-
fertilization have met with limited success because a primary 
effect is the rapid loss of plant vigor and fertility (Tysdal 
et al., 1942; Bolton, 1948; Wilsie and Skory, 1948; V/ilsie, 
1951; Panella and Lorenzetti, I966). The number of genera­
tions of self-fertilization possible is rather limited and, 
therefore, has prevented the development of productive inbred 
lines of alfalfa. 
Although alfalfa is largely cross-fertilized, plants do 
vary from self-fertile to self-sterile (Dean, 1942; Wilsie, 
I95I; Koffman, 1959; and Williams, 1964). Self-fertile lines 
of alfalfa would be very useful for studying their breeding 
behavior, and to eliminate certain imdesirable segregates. 
Research work at Iowa State University has shown positive 
correlation between self- and cross-fertility and a high de­
gree of independence between self-fertility and combining 
ability. A number of highly vigorous selections produced 
high yielding outcrossed progenies, including some selections 
high in self-fertility. The frequent occurrence of such 
clones and the lack of association between self-fertility and 
combining ability suggests the feasibility of producing highly 
inbred lines with good agronomic traits. 
This study was undertaken with the following primary 
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objectives: (1) to evaluate the progress in phenotypic re­
current selection for high self-fertility; (2) to evaluate 
the effects of selection for high self-fertility on the 
performance of agronomic traits in alfalfa; and (3) to 
correlate self-fertility with the agronomic traits measured. 
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REVIEW OP LITERATURE 
Recurrent selection is a breeding scheme involving 
repeated cycles of alternation of selection and crossing to 
increase the frequency of favorable alleles for yield or 
other traits in a plant population. The procedure was 
originally described by Jenkins (19^0) for corn breeding, 
but Hull (19^5) proposed the term "recurrent selection". 
As a breeding method, the effectiveness of recurrent 
selection has been demonstrated by many workers. In com, 
Sprague and Brimhall (1950) and Sprague et al. (I952) com­
pared recurrent and pedigree selection for Increasing oil 
percentage in corn grain. Over a five-year period, recur­
rent selection was more effective, on the average, by 2.6 
times. 
An early report of the use of recurrent selection in 
forage crop improvement was by Harlan (1950)- In side-
oats grama, he had 18 agronomic types based upon growth habit, 
time of flowering, leaf type, stem size, and basal spread, 
and after 2 cycles of recurrent selection with the 18 types, 
he had fixed broad and narrow leaves, fine and heavy stems, and 
late flowering. 
Peacock and Wilsie (1957 and I96O) used recurrent selec­
tion to increase resistance to pod shattering, vegetative 
vigor, and high seed set in birdsfoot trefoil. One cycle of 
selection reduced pod dehiscence from 42 percent in the 
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original population to 24 percent, but two cycles produced 
no gain in vegetative vigor or seed set. Draper and Wllsie 
(1965), in three cycles of recurrent selection in Viking 
variety of birdsfoot trefoil, Increased seed size 60 percent. 
Using a water-soak mass screening technique in selecting for 
hard seed in crimson clover, Bennett (1959) steadily in­
creased the frequency and degree of hard seededness for nine 
cycles of recurrent selection. 
Recurrent selection was used on seed weight in brome-
grass by Christie and Kalton (I96O). Based on evaluation of 
topcross seed, 203 clones ranged in mean seed weight from 
0.60 to 1.26 per 300 seeds. Ten clones having the highest 
and ten clones having the lowest seed weights were recomblned 
In separate polycrosses. Mean seed weights in grams per 50 
seeds was 0.206 for the ten highest polycross progenies, 
0.145 for the ten lowest progenies, and 0.185 fc^?-the checks. 
Of the 986 polycross progeny plants, 50 were superior to the 
best parent clone in seed weight, and sufficient genotypic 
variance remained to permit further progress by selection. 
Johnson and El Banna (1957) reported the effectiveness 
of 4 cycles of phenotypic recurrent selection for growth habit 
and plant vigor in the sweet clover (Melilotus alba) variety, 
Madrid. Advance was greater for growth habit, a highly 
heritable trait, than for plant vigor, a low herltabillty one. 
Dudley et al. (I963), after seven cycles of recurrent 
selection for several traits in two pools of alfalfa 
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germplasm, found significant Increases in rust resistance 
and leafhopper yellowing tolerance, traits for which selec­
tion was practiced. Genetic variance for rust reaction in­
creased during early selection cycles., but subsequently de­
creased, whereas genetic variance for leafhopper reaction in­
creased throughout selection. The effectiveness of recurrent 
phenotypic selection in this study was Illustrated by the 
fact that pool B, in cycle 7 released as the variety Chero­
kee, had Increased yield, and better leafhopper tolerance and 
rust resistance than Atlantic and Williamsburg. 
The expression of multifollate leaves in alfalfa was 
increased by Bingham and Murphy (I965) using recurrent selec­
tion. The components Increased were (a) the overall propor­
tion of plants with multifollate leaves, (b) the proportion 
of plants with high frequency of multlfoliate leaves and 
(c) the stability of expression. 
Alfalfa is largely cross-fertilized in nature, and the 
universality of natural crossing in this crop has been con­
firmed by several workers. Waldron (I9I9) reported In North 
Dakota, 85.^ percent natural crossing between the purple 
(Medicago satlva) and yellow (Medicago falcata) flowered 
alfalfa. Burkhart (1937)• working in Argentina, found an 
average of 84.5 percent cross-pollination with a range from 
67 to 98 percent. Tysdal et al. (1942) used three methods 
to study natural crossing in the field. They found Medicago 
falcata and Medicago satlva crossed under field conditions in 
6 
Western Nebraska, 96.7 percent. Additionally, six Inbred 
alfalfas exposed to cross-pollination with other lines under 
natural field conditions gave 83 percent hybrids. A white-
flowered, white-seeded plant of Medicago media produced 1^4 
plants from open-pollinated seed and 87.6 percent were out-
crosses. As an average of the three tests, alfalfa out-
crossed 89.1 percent under natural conditions, In Canada, 
Knowles (19^3) and Bolton (19^8) obtained $U.2 percent and 
90.0 percent outcrossing, respectively. Percentage of natural 
crossing varied with temperature, moisture, bee activity and 
genotype of alfalfa. 
Even though high cross-fertilization is natural for 
alfalfa, considerable self-fertilization can occur, particu­
larly in non-inbred material. Kirk and White (1933) found 
several autogamous Grimm alfalfa plants that produced a full 
set of seed pods in the greenhouse. They suggested autog­
amous plants occurred quite frequently in cultivated varie­
ties of Medicago satlva. In Sweden, Lesins (I96I) found in 
some seasons selfing in alfalfa was 5^ percent, with Du Puits 
variety showing a higher percentage than did Grimm. Knowles 
(1943) found 1.65 and O.56 seeds per flower tripped for 10 
high seed-setting selections and 10 random plants of Grimm 
variety, respectively. However, when cross-pollinated he 
obtained 4.60 and 3*70 seeds per flower, respectively, for 
the two sources. Self- and cross-fertility were determined 
by Bolton (19^8) for more than 100 alfalfa plants. Self-
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fertility ranged from 0.02 to 5-22 seeds per flower selfed 
with an average of I.58 and cross-fertility ranged from 2.6? 
to 8.26 seeds per pod with an average of 5»5^- Tysdal and 
Kiesselbach (19^^0 reported that among open-pollinated and 
inbred plants, respectively, 12.6 and 60.2 percent of the 
populations had less than 20 percent self-fertility. 
V/ide variations in the degree of self-fertility occur 
among alfalfa plants, with artificially selfed plants varying 
from self-fertile to self-sterile. Bolton and Fryer (1937) 
found that number of pods set per 100 flowers tripped were 
3.8 for 9 sterile and 5^-7 for 11 fertile plants. Dean (1942) 
found a frequency distribution for self-fertility of 685 
open-pollinated plants continuous and normal, but a frequency 
distribution of 124 inbred plants was skewed with high fre­
quencies in the low fertility classes. Similarly, Wilsie 
(1958) found self-fertility values of 437 alfalfa hybrids 
from first-generation single- and 3-way crosses were strongly 
skewed, Wilsie and Skory (1948) observed a range in self-
fertility from 0.24 to 2.23 seeds per tripped flower among 
alfalfa clones, and Wilsie (I95I) reported a range of self-
fertility from 0.12 to 1.84 seeds per tripped flower. Studies 
by McAllister (1950), Koffman (1959) and Williams (1964) 
showed remarkably wide ranges in self-fertility, also. San­
dal (1946) found 0.15 seeds and 1.25 seeds per flower, re­
spectively, for low and high-fertility groups of clonal lines. 
Cooper et al. (1937) obtained 1.25 seeds per tripped flower 
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for high seed-setting plants and 0.07 seeds per flower for 
the low seed-setting group. 
Variability in self- and cross-fertility in alfalfa is 
partially due to genetic diversity, but additionally, such 
things as tripping process; pollen viability, abortion, and 
male sterility; ovules per ovary, incompatibility, and 
somatoplastic sterility have bearing on alfalfa plants pro­
ducing seed. 
Tripping is the process whereby the staminal column is 
released from its attachment to the keel and wing petals and 
is permitted to strike against the standard petal (Tysdal, 
19^6, and Bolton, 1948). All workers do not agree on the 
necessity of tripping for seed setting to occur in alfalfa. 
Piper et al. (1914), Hay (1925)1 and Carlson (I928 and 1930) 
found considerable seed setting without tripping, and Kirk 
and White (1933) did not believe self-fertilizing plants of 
alfalfa required tripping since anthers of autogamous plants 
shed pollen in the bud stage and pollen grains were deposited 
abundantly on the stigmas. Brink and Cooper (1936), using a 
census of percent tripped flowers at a given time and number 
of pods accumulated over a period of time, found 12 percent 
of the flowers were tripped and 33.6 percent of the flowers 
set pods. They concluded that many flowers set pods without 
tripping. According to Tysdal (19^6), less than 5 percent of 
alfalfa flowers set seed without tripping. He suggested that 
the difficulty in distinguishing between "tripped wrapped" 
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flowers and "untripped but wilted" flowers may have accounted 
for seed setting without tripping reported by Brink and Cooper 
(1936). Similarly, Piper et al. (1914), Hay (1925)1 Carlson 
(1928) and Engelbert (1932) observed 5 to 6 percent of the 
flowers on some plants achieved self-fertilization without 
tripping. Piper et al. (1914), Hay (I925), Carlson (I928; 
1930). Southworth (1928) Clarke and Fryer (1930), Engelbert 
(1932), Brink and Cooper (I936), and Tysdal (19^0; 19^6) con­
cluded that a very small percentage of flowers set seed with­
out tripping. According to Armstrong and White (1935), trip­
ping causes the rupture of a thin membrane covering the 
stigma, which unless ruptured, bars pollen tube penetration. 
Many factors affect flower tripping. Gray (I925) found 
that wind tripped alfalfa blossoms, but Knowles (19^3) found 
no correlation between tripping and wind velocities. Tysdal 
(1946) found 7 percent of the flowers were tripped by rain. 
Short sudden downpours were most effective. However, both 
Tysdal (1946) and Knowles (19^3) considered rain unimportant 
as a practical tripping mechanism since crossing did not occur 
during rain. Stewart (1934) believed that alternating spells 
of cloudy and brircht weather with moderate wind and occasional 
showers were favorable for tripping, and Piper et al. (1914) 
found bright sunshine induced tripping. 
Temperature is an important factor in tripping of alfalfa 
flowers directly or through its effect on insect activity. 
Dwyer and Allman (1933) found alfalfa flowers tripped 
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Instantaneously at temperatures "between 100°F and 108°F, and 
Knowles (19^3) found temperature to be the most important 
weather factor influencing tripping of alfalfa flowers. 
Tysdal (19^0) found, in Western Nebraska, insect activity and 
number of flowers tripped increased with each successive 5° 
rise in temperature between 70° to 85°F. Also, in Lincoln, 
Nebraska there was a gradual increase in the proportion of 
flowers tripped per hour between 70° to 100°F. But the most 
important factor was insect visitation. Bees most active in 
tripping and cross-pollination of alfalfa were bumble (Bombus 
), honey (Apis sp.), Alkali (Nomia sp.), and leaf cutter 
(Megachile sp.)(Southworth, 191^: Dwyer and Allman, 1933: 
Engelbert, 1932; Knowles, 19^3; Tysdal, 19^0; Clarke and 
Fryer, 1930; Wllsie, 1949; Gray, 1925: Piper et al., 1914; 
and Henke, 1954). 
Various environmental factors have been reported which 
affect alfalfa seed production. Cold wet weather had a 
detrimental effect on self-fertility (Williams, 1931). Large 
seasonal variations in seed yields reported by Piper et al. 
(1914), and Carlson (1928), were attributed to changes in 
weather conditions. Engelbert (1932) concluded summer rainfall 
amount and distribution were limiting climatic factors in 
alfalfa seed production. Respectively, July and August rain­
falls were negatively and positively correlated with annual 
seed yields. Bolton and Fryer (1937) found pod yields higher 
for flowers tripped on July 29 than on August 9, which were 
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followed by wet and dry conditions, respectively. Grandfield 
(19^5) found high root reserves increased alfalfa seed pro­
duction, especially when soil moisture was low. Moderate 
air temperature, low relative humidity, and soil moisture 
below optimum were conducive to storage of organic reserves, 
resulting in a physiological condition favorable for seed 
setting. 
Certain field husbandry practices have been shown by 
Tysdal (1946) to affect seed production in alfalfa. Lowest 
seed production resulted when plants were thick and irrigated 
frequently. Carlson (1955) found hill spaced, row spaced, 
and sparsely seeded stands gave the highest acre-yield of 
seed. Thick planting gave protection to nymphs of Lygus 
bugs, resulting in damage to plants and reduced seed yield. 
Seed production of individual plant may depend on the 
quantity of pollen, as well as its ability to germinate under 
a wide range of condition of temperature and moisture 
(Engelbert, 1932; Bolton and Fryer, 1937). Recently, Miller 
and Schonhorst ( 1968'b) found pollen tube growth in the green­
house was significantly greater than in the field, but they 
found no difference in pollen germination. Two classes of 
sterile pollen were noted by Bolton and Fryer (1937). one 
with clear, empty appearing grains and the other with normal 
staining but non-germinating grains. Clarke and Fryer (1930) 
and Sexsmith and Fryer (19^3) found the percentages of empty 
pollen grains produced by Grimm alfalfa plants appeared 
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heritable. 
Brink and Cooper (1936) and Rotar and Kehr {I963) re­
ported oases of pollen abortion. In clones of Ranger alfalfa, 
the latter workers found pollen abortion varied from 7.0 to 
92.0 percent, whereas in polycross progenies it ranged from 
6.0 to 98.0 percent. Crosses among clones high by high, low by 
high, and low by low for pollen abortion produced progenies 
that were high, Intermediate, and low, respectively. 
Male sterility also can limit the production of selfed 
seed. Armstrong (1952) and Armstrong and White (1935) re­
ported male sterility due to shrunken pollen grains, which 
was associated with faulty dehiscence of anthers. Childers 
(1952) reported complete male sterility was associated with 
parallel presence of swollen tapetum and complete degenera­
tion of the pollen mother cells during early prophase. Partial 
male sterility was also associated with atypical development 
but it occurred when the young microspores normally would 
undergo rapid growth. More recently, Childers and McLennan 
(i960) reported the inheritance of male sterility was due 
to three recessive genes, ms^, ms^, and ms^, each inherited 
disomically. 
As indicated earlier, cross-pollination increases seed 
production. Bolton (1948) showed cross-fertilization often 
occurred when pollen was applied an hour after tripping. 
Brink and Cooper (I938) stated that on partially self-
incompatible plants, the male gametophytes, although not 
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necessarily impotent on the individual from which they arose, 
was less effective in fertilization than unrelated male 
gametophytes. Cooper and Brink (19^0) found with self-
fertilization 14.6 percent fertile eggs in the oioiles became 
fertile, whereas 66.2 percent fertile eggs followed cross-
pollination. 
Partial self-incompatibility may result when the male 
gametophytes do not reach eggs in the ovules of the same 
plant. Brink and Cooper (1938) and Cooper and Brink (19^0) 
found few pollen tubes advanced beyond the raid-region of the 
ovary after selfing, whereas, following cross-pollination, 
the tubes usually reached the base of the ovarian cavity. 
Furthermore, following self- and cross-pollination there was 
a declining gradient in fertility of the ovules from ovary 
apex to base. Brink and Cooper (1938) found numerous cases 
in selfed series where pollen tubes passed by the micropyle 
of an ovary containing an unfertilized egg, which they saw 
as another cause of self-incompatibility. Recently, Sayers 
and Murphy (I966) found the frequency of fertilization after 
selfing or crossing in alfalfa was a function of the number 
of pollen tubes that entered the ovaries, depth of pollen 
tube penetration in the ovaries, and frequency of pollen 
tube entrance of ovules. 
Somatoplastic sterility, commonly referred to as "ovule 
collapse" during early stages of seed development, has been 
observed in alfalfa, particularly after self-pollination. 
14 
Brink and Cooper (1938) explained this phenomenon on the basis 
of food translocation. The reserve food being translocated 
to the inner integument and endosperm is equally shared if 
parallel growth takes place between the two competing tissues. 
Failure of the endosperm to keep pace in growth gives the 
maternal tissues a competitive advantage, followed by endo­
sperm starvation and ovule collapse. Cooper et al. (1937) 
found that while there are 3.1 ovules per flower in high 
seed-setting group, only 1.25 seeds per flower developed to 
maturity. In the low seed-setting group, the number of ovules 
was 2.5 but only 0.0? seeds per flower was formed. Post-
fertilization abortion caused the low seed-set after self-
pollination. Brink and Cooper (1938) found 3^ percent of 
fertile ovules in the selfed series collapsed by 48 hours 
after pollination, whereas only 9 percent collapsed following 
cross-pollination. Cooper and Brink (19^0) also found post-
fertilization ovule abortion as 5 times higher after self-
than after cross-pollination. They proposed that somatoplastic 
sterility may be a "manifestation of self-incompatibility per 
se or an inbreeding effect." Similarly, Sayers and Murphy 
(1966) found higher incidence of post-fertilization ovule 
abortion in low and medium fertility classes than in high-
fertility class plants. The frequencies of ovule abortion 
in the low fertility class were equal after selfing and cross­
ing, but the frequencies of ovule abortion in high and medium 
classes were much lower after crossing than after selfing. 
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Their study Indicated genetic control of ovule abortion. 
Numerous studies have shown that Inbreeding is accom­
panied by drastic reduction in vigor and fertility. Sandal 
(19^6) reported the average forage yield of 13 progenies 
was 31.8 percent less than the Sq progenies from the same 
clones, Tysdal et al. (1942) observed forage yield of $4 
lines was only 68 percent of the parental open-pollinated 
varieties, and in the Sg, the yield of the 4 lines remaining 
was 28 percent of the parental varieties. Wilsie (I958) 
reported a drop in forage yield of 50 percent by the Sgi and 
loss of vigor was greater in the Sg than in the S^. Accord­
ing to Wilsie (1966), data from a wide range of alfalfa 
stocks has shown an average loss of 30 percent in vigor in 
S^i 50 percent in S2, and 46 percent in S^. Similar reduc­
tions in forage yield have been reported by Tysdal and Clark 
(1934), McAllister (1950) and Koffman (1959). 
Inbreeding effects were more drastic on seed production 
than on forage yield. Kirk (I927) observed that alfalfa 
lines were 30 percent lower in seed yield than their SQ 
parents, but two lines recovered in Sg did not differ sig­
nificantly from the original parents, Williams (1931) found 
that the average seed yield of S^ plants was 88 percent less 
than that of the parental clones, and Tysdal et al. (1942) 
reported seed yields of the and Sg generations was 62 and 
8 percent, respectively, of the parental open-pollinated 
varieties. A reduction in seed yield of 46 percent was 
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reported by Sandal (19^6) among lines. 
Skory (19^7) reported a decrease of 84 percent in self-
fertility between the first and second selfed generations 
and Wilsie (1958) noted one generation of selfing reduced 
fertility 80 to 90 percent. An 80 to 90 percent decline in 
self-fertility by Sg and generations was reported by 
Koffman (1959). Recently, Miller and Schonhorst (I968) found 
the number of seeds and pods produced and self-fertility gen­
erally decreased with inbreeding. 
Other effects associated with inbreeding of alfalfa have 
been reported. Stewart (1934) observed that one generation 
of selfing gave progenies with significantly lower variability 
in plant height, plant width, stem diameter, leaflet length 
and width, blossom color, and foliage color. Koffman and 
Wilsie (1961) reported Inbred lines showed more severe winter 
damage, reduced yield and vigor, more upright growth habit, 
more apparent leaf disease, lighter foliage color, and smaller 
crown size than the open pollinated source varieties. 
Progenies with increased levels of inbreeding were reduced in 
spring vigor, forage yield, seed production, and delayed 
maturity (Aycock and Wilsie, I968). 
Drastic reduction observed upon self-fertilization can 
be partially overcome with milder forms of inbreeding. Tysdal 
and Kiesselbach (1944) reported that the average number of 
seeds per 100 flowers was 3.2 and 8.0 for selfing and sib-
mating, respectively. Bolton (1948) found that crosses 
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between Sp plants originating from the same parents were 
intermediate in seed and forage yield between inbred lines 
and outcross progenies. Lantican (I96I) observed sib-
fertility was twice as high as self-fertility. When the 
progenies were backcrossed to their non-inbred parents, a 
consistent Increase in seed-setting over that of sib-mating 
was obtained. Williams (1964) restored fertility by back-
crossing BC^ progenies to their immediate parents, and 
Aycock and Wilsie (I967» 19^8) found that sib-mated progenies 
were superior in performance to selfed progenies. 
Busbice and Wilsie (I966) found yield of backcrossed 
progenies (S]_ x Parent) was 73 percent of SQ performance while 
yields of S^, Sg and sib-crossed (S^ x S^) progenies were 
74, 46, and 62 percent, respectively. They postulated a 
high frequency of loci in a natural population of alfalfa 
were tetragenic and trigenic, and rapid loss of vigor upon 
inbreeding (sib-mating and backcrossing) tended to maintain 
the tetragenic and trigenic loci at a higher frequency than 
selfing; therefore, less loss of vigor was observed. 
Fryer (1939) reported somatic chromosome numbers of 
several Medicago species were 14, I6, or 32, but only tetra-
ploids were present in Medicago sativa. He suggested the 
32-chromosome species arose from l6-chromosome forms by 
doubling. Prom study of a cross of Medicago falcata (2n - I6) 
X Medicago sativa (2n = 32) and the reciprocal, Ledingham 
(1940) concluded the falcata and sativa chromosomes were 
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homologous and Interpalred freely. Cooper, Brink, and 
Albrecht (1937) found 16 pairs of chromosomes at diakinesis 
with no evidence of meiotic irregularity, suggesting allo-
tetraploidy. On the other hand, Grun (1949), as cited by 
Atwood and Grun (1951). found a limited number of quadri-
valents in 12 alfalfa clones suggesting autopolyploid origin 
for alfalfa. 
Atwood and Grun (1951) reviewed 36 genetic studies in 
alfalfa involving 25 characters and all indicated disomic 
inheritance. However, only Pg and backcross progenies were 
used in most of these and tetrasomic inheritance could not 
be confirmed until the or later generations. Stanford 
(1951) was the first to conclusively establish the occurrence 
of tetrasomic inheritance of purple flower color in alfalfa. 
Subsequently, Davis (195^) suggested that elongated hypocotyl 
and chlorophyll deficiency were conditioned by the nulliplex 
genotype at one locus. Markus and Wilsie (1957) proposed 
tetrasomic inheritance of a single factor difference for normal 
and exposed stigma. Additional evidence for tetrasomic in­
heritance in alfalfa was reported by Dudley and Wilsie (1957) 
and Dusbice and Wilsie (I966). Bolton (I962) stated that in­
creasing reports demonstrating tetrasomic inheritance strongly 
suggest that alfalfa is an autotetraploid having originated 
from doubling of a 2n = I6 parental species, or from doubling 
of hybrids among Interfertile diploid species. 
Diallel crosses have been used extensively to determine 
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the value of the parents In hybrid combination. Sprague and 
Tatuir. (19^^), uslnp: a method for estimating general and 
specific combining ability for yield of com single crosses, 
pointed out that, in a population unselected for combining 
ability, genes with additive effects (general combining 
ability) were either more common or produced relatively 
greater effects than genes with dominance or eplstatic effects 
(specific combining ability). However, in previously selected 
material, genes with dominance or eplstatic effects were most 
Important. Tysdal et al, (19^2) noted that the highest yield­
ing of 28 alfalfa single crosses exceeded the check variety 
average by 39 percent. When the hybrids were compared in the 
field, certain ones showed much more vigor than others indi­
cating good combining ability for some lines and relatively 
poor for others. Bolton (1948) also noted differences In 
combining ability for forage yield In both inbred and open-
pollinated groups of alfalfa. Camahan et al. (I96O) re­
ported on seedling vigor and fall growth habit of 91 single 
crosses from 14 alfalfa clones. Clones differed in the con­
tribution to both additive and nonadditlve genetic variances, 
and general combining ability components were larger than 
specific combining ability components for both characters. 
Wilcox and Wilsie (I96I) studied nine parental clones in 
single cross-combinations, and found general combining ability 
was greater than specific for fall growth habit, forage yield, 
and spring vigor. However, great differences were found among 
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9 clones in their contributions to both general and specific 
combining ability, especially with respect to yield. In 
diallel analyses of single cross progenies of 11 clones from 
Buffalo alfalfa, Rice and Gray (I969) reported that general, 
specific, and maternal effects were significant for seeds 
per pod, seeds per flower, and percentage flowers forming 
pods. Specific combining effects made the largest contribu­
tion to variance for seeds per pod and seeds per flower where­
as general combining ability effects made the largest contri­
bution to percentage flowers forming pods. 
In tests for combining ability with two groups of alfalfa 
clones, Bolton (1948) found progenies of reciprocal crosses 
tended to produce similar forage yield but a few showed re­
ciprocal differences for both seed and forage yield. Buker 
and Davis (I96I) from an 8-clone alfalfa diallel produced by 
hand-pollination without emasculation, reported no reciprocal 
differences in yield, leaf/stem ratio, natural plant height 
and width, crown width, and leaf diseases. Similarly, Davis 
and Panton (I962) reported reciprocals of six crosses pro­
duced after emasculating 4 alfalfa clones did not differ sig­
nificantly in seedling height at 2, 3 or 4 weeks, plant height 
or crown width, plant vigor or dry forage yield. On the other 
hand, Frakes et al. (I96I), using hand-pollinated seed with 
emasculation, reported the variance associated with reciprocal 
effects in six alfalfa crosses was significant for dry weight. 
Whitehead and Davis (1954) noted reciprocal differences for 
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parental cross-compatibilities and for self-compatibilities. 
In general, the female parents influenced cross-compatibility 
and self-compatibility values more than the males. Re­
cently, Rice and Gray (I969) found significant reciprocal 
effects for seeds per flower tripped and percentages of 
flowers forming pods. 
Carnahan (I963) studied reciprocals of 95 two-clone cross­
es without emasculation and found a few instances of signifi­
cant reciprocal differences in height at 4 and 8 weeks, but 
no differences in dry weight at 12 weeks of age; thus, the 
maternal effects evident in seedlings of some crosses were 
temporary. He also found reciprocals of some crosses differed 
in seed weight by more than 30 percent, so he concluded that 
reciprocal differences in his crosses were attributable mainly 
to the relationship between seed size and photosynthetic area 
in the seedlings. Wilcox and Wilsie (1964) found reciprocal 
differences for fall growth habit and yield. Significant 
maternal effects for fall growth habit may have been due to 
cytoplasmic effects upon degree of erectness and photoperiod 
response. Non-maternal reciprocal effects for yield possibly 
were due to cytoplasm x genotype interactions. Davis and 
Gartner (I966) found significant reciprocal differences in 
seedling height and width, plant height, width, and weight 
in both emasculated and unemasculated crosses. These dif­
ferences were due to maternal effects and their magnitude was 
not influenced by self-compatibility of the clones. 
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Several methods have been used for the Improvement of 
alfalfa, Kirk (I927) stated that "selection within self 
fertilized lines appears to provide a promising mode of 
attack for breeding of improved varieties of alfalfa." This 
idea was abandoned because selfing resulted in loss of vigor. 
Fryer (1939) proposed "maternal selection" to improve seed 
yield in alfalfa. This method involves 4-year cycle. In the 
first year a large population is established from seed, e.g., 
60 to 80 progenies each with 50 plants spaced 3.5 feet apart. 
In the second year all plants are scored for fertility on the 
basis of pod density, and decidedly poor progenies and plants 
are destroyed. In the third year surviving plants are scored 
again for fertility, and on the basis of fertility and scores 
for vegetative-traits from 2 years of indexing, the best 100 
plants from 30 to 4-0 progenies are selected. In the fourth 
year further selection is made, and 80 of the 100 selections 
made in the year three are allowed to set seed under open 
pollination. Seeds from cycle 1 is used for a second cycle of 
selection. In a 3-year test, an alfalfa stock which had been 
under maternal-line selection for 10 years was superior in 
seed yield to standard varieties. Pederson (1953) found in a 
3-year test, nine clones selected on the basis of maternal 
performance were 39 percent better in seed production than 
the average of six checks. 
Hybrid alfalfa has been under consideration for several 
years. Tysdal et al. (1942) and Tysdal and Kiesselbach (1944) 
23 
reported desirable single cross hybrids between inbred lines 
outyielded standard varieties in forage yield. Tysdal and 
Kiesselbach (19^4) also reported double crosses exhibited 
as much vigor as the single crosses. From two-clone crosses 
involving erect and prostrate parents, Wilsie (1958) found 
a striking degree of heterosis, with the hybrids yielding 
81 and 4] percent heterobeltiosis, respectively. 
Tysdal and Kiesselbach (1944) outlined a procedure for 
the commercial production of hybrid alfalfa similar to that 
followed with com. The procedure involves the use of four 
self-sterile clones chosen for good combining ability. The 
four clones are vegetatively propagated and isolated in two 
crossing blocks to produce two single crosses. Seeds from 
the two single crosses are mixed and sown for commercial seed 
production and from this planting double cross seed is 
obtained. An objection to this method is the extensive vege­
tative propagation required. An alternative involving less 
vegetative propagation and utilizing non-self-trlpplng, self-
fertile material was proposed by Bolton ^1948). 
Lesins (I96I) proposed a method for the production of 
commercial varieties which involves inbreeding for at least 
three generations. Selection of the parental clones is based 
on their tolerance to inbreeding. The parental stock may be 
increased vegetatively to quantities required for the produc­
tion of sufficient volumes of (S^ seed) foundation seed. 
A composite of seed is made by mixing equal proportions from 
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clones and maintaining this mixture for consecutive releases 
of foundation seed. The I2 and would correspond to regis­
tered and certified seed lots, respectively. Additional 
improvement might be achieved by conducting a recurrent 
selection program with the parental stocks initially selected 
for tolerance to inbreeding. 
25 
MATERIALS AND METHODS 
Source and Identification of Materials 
Source materials for this study I obtained from a space-
planted nursery established by Aycock (I966). They traced 
originally to a commercial seedlot of Vernal alfalfa obtained 
in 1963. Based on self-fertility index (seeds per flower 
selfed), ten clones were selected to initiate a recurrent 
selection program for high self-fertility. Self-fertility 
indices of the ten selected Vernal clones are presented in 
Table 1. 
To identify individual clones and maintain pedigrees of 
various crosses, a uniform identification system was adopted. 
Lines from the first cycle of selection were numbered In a 
100 series (I.e., 100, 101, ...199). The second cycle 
of selection was practiced among plants within first cycle 
lines and a progeny from a selected plant was designated by 
a combination of cycle-one line number and within line plant 
number, for example, 110-3* An hybrid between two such 
selections made for recombination purposes for a third selec­
tion cycle, was designated as 110-3 x 146-1, for example. 
Progenies selected in the third cycle were numbered so that 
entries were in the 200 series. 
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Table 1. Self-fertility indices of the ten selected 
Vernal clones 
Vernal clones 
Self-fertility index 
(seeds per flower) 
SQ clones 
179 2.98 
183 2.28 
1—1 H
 2.4-0 
P]L from SQ X SQ 
17-1 3.94 
40-3 2.71 
46-1 3.16 
from S]_ X 
51-5 3.40 
61-2 2.69 
69-8 2.43 
72-3 3.14 
First Cycle Population 
Greenhouse procedures 
In September I966, 10 Vernal clones selected for high self-
fertility were dug from the field and propagated in vermicu-
lite via stem cuttings in greenhouse flats. When the cuttings 
were rooted, 10 to 12 propagules were transplanted individually 
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into 4-inch clay pots filled with a sterilized mixture com­
posed of 2 parts loam, 1 part sand, and 1 part peat. After 
four weeks, six propagules from each clone were selected and 
the pots were placed on a greenhouse bench in a completely 
random arrangement except for the restriction that propagules 
from the same clone were placed together in a row. Ten to 
twelve ml of a nutrient solution prepared by mixing 10 g 
MgSO^, 20g KCL, 30g KHgPOj^^, and 50g CafHgPO^jg In 11 liters 
of distilled water, was applied to each pot every third week. 
As the plants grew, the stems were supported by bamboo stakes, 
and to accelerate flowering, a photoperiod of 18 hours per 
d.ay was maintained from December through February. 
The ten clones were crossed in a diallel arrangement 
including reciprocals during the winter I966-67. More than 
50 flowers were crossed for each cross combinations. To make 
a cross, the standard petal of each flower used as a female 
was clipped at the base, after which the flowers were tripped 
and pollen was collected in a small paper boat. Pollen re­
maining on the stigmas after collection was removed by a 
glass tubing connected to a vacuum pump. Pollen was applied 
reciprocally to the stigmas of the female plants immediately 
after emasculation. The number of flowers crossed, date, and 
parents used were recorded on a tag and placed on the completed 
raceme, 
Self-fertility was also determined for the ten parental 
clones by artifically tripping flowers. More than 400 flowers 
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were selfed for each clone except clone 72-3. Selflng was 
accomplished by applying pressure on the keel with a flat end 
toothpick and drawing the tip across the exposed stigmas. 
Each selfed raceme was tagged with the appropriate information. 
Four to five weeks after selfing and crossing, mature 
pods were harvested and;placed in envelopes. The mature pods 
from a cross, reciprocals being kept separate, were bulked, 
threshed and the number of pods and seeds recorded. From 
these data, three indices of self- and cross-fertility, namely, 
number of seeds per flower, number of seeds per pod, and per­
centages of flowers forming pods were calculated. The ratio of 
the total number of seeds to total number of flowers selfed and 
crossed gave the number of seeds per flower. Number of seeds 
per pod was obtained by dividing total number of seeds by total 
number of pods formed. Percentage of flowers forming pods was 
obtained by dividing total number of pods by total number of 
flowers selfed or crossed multiplied by 100. 
To provide materials for a field test (Experiment 1), 
100 seeds from each of the 90 crosses were scarified for two 
minutes at 40-4^ psi in a scarifying cup. Fifty peat-cups 
filled with sterilized soil mixture were planted for each 
cross with two seeds per cup in March I967. Simultaneously, 
stem cuttings of the 10 parental clones were rooted in ver-
miculate. Two weeks after emergence the seedlings were 
thinned to one per cup and inoculated with Nitragen^. 
^Nitragen inoculants are cultures of nitrogen-fixing 
nodule bacteria (Rhizobium spp.) 
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Field procedures 
Seedlings of the crosses and cuttings of the parental 
clones were space planted in a field nursery in early May, 
1967, at the Iowa State University Field Research Center near 
Ames. Five plants per entry were transplanted in plots 
arranged in a triple lattice design with six replicates. 
Plants in a plot were spaced at 0.6 m intervals within rows 
1 m apart. 
In July 1967 one plant in each plot of five replicates 
(total of 500 plants), chosen on the basis of profuseness of 
flowering and vegetative vipror, were used to assay self-
fertility. Racemes with newly opened flowers (unopened and 
wilted flowers were removed) were selected and flowers were 
selfed with the flat-toothpick technique described for green­
house materials. After selfing, the raceme was labeled, 
bagged wit^ a tobacco bag, and tied to a bamboo stake for 
support. About IO-I5 flowers were selfed on all selected 
plants in one replicate in a single day. A total of 50 
flowers were selfed on most plants worked between July 10 and 
August 24. Four to five weeks after selfing, the bags were 
harvested, and number of seeds per flower, seeds per pod, and 
percentages of flowers forming pods were computed for all 
plants. Based on the number of seeds per flower tripped, the 
18 plants with the highest self-fertility were selected from 
the 500 selfed plants (all from the progenies) as parents 
for a diallel cross for the second Improvement cycle. 
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The nursery was overseeded. with creeping red fescue in 
September I967, to facilitate weed control. In March 1968, 
200 pounds per acre of 0-20-20 fertilizer was applied as top-
dressing and during the second season of growth I measured 
the agronomic traits listed in Table 3. Spring vigor and seed 
production were scored visually on a 1-9 scale. Yield was re­
corded in pounds per plant (^reen weight) and plant height, 
width and longest stem were measured in inches. Days to bloom 
was the number of days from harvest until the first flower 
opened. All plants flowered between I9 and 39 days after 
harvest. Growth habit was the ratio of plant height to width. 
A value of 0,90-1.00 indicated the plant was erect, whereas 
a value of 0.10-0.20 indicated a prostrate growth habit. All 
data were obtained on individual plants but the analyses of 
variance were computed using plot means. Entry numbers and 
pedigrees of entries in Experiment 1 are listed in Table 4. 
Second Cycle Population 
Greenhouse procedures 
In fall, 1967, stem cuttings were taken from 18 highest 
self-fertility clones in the field experiment and nine propa-
gules were potted for each. All 18 selected clones could not 
be used in the crossing to provide recombinants for a second 
selection cycle, so ten were chosen. The ten selected had the 
most vigorous propagules and represented in total all ten 
first-cycle parents. Self-fertility of the 10 second-cycle 
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parents are presented in Table 2. Selfing and crossing pro­
cedures and data collection from the second-cycle parents 
were the same as described for the first cycle except that 
reciprocals were bulked. 
Table 2. Self-fertility indices of the second- and third-
cycle parents 
Parent Pedigree 
Self-fertility index 
(Seeds per flower) 
Second cycle 
110-3 
127-5 
130-4 
143-5 
146-1 
156-3 
182-1 
186-2 
189-3 
192L2 
46-1 X 179 
183 X 46-1 
51-5 X 183 
1317 X 46-1 
51-1 X 1317 
40-3 X 17-1 
61-2 X 46-1 
72-3 X 46-1 
51-5 X 69-8 
72-3 X 51-5 
4.18 
4.45 
4.18 
4.20 
4.12 
4.08 
3.92 
3.73 
3.55 
4.40 
Third cycle 
210-1 
254-3 
233-3 
226-4 
255-10 
202-8 
248-7 
205-6 
229-4 
236-6 
143-5 X 186-2 
143-5 X 192-2 
110-3 X 192-2 
110-3 X 130-4 
127-5 X 146-1 
156-3 X 189-3 
127-5 X 192-2 
110-3 X 146-1 
156-3 X 182-1 
110-3 X 156-3 
5.03 
5.39 
5.17 
5.74 
5.31 
4. 70 
4.73 
5.00 
4.69 
5.38 
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A 100-seed sample from each of the U-5 single crosses and 
Vernal (accession 3181, a composite of seed from 8 seedlots) 
were scarified and planted in peat cups in greenhouse flats. 
At the same time cuttings of the ten parental clones were 
rooted in vermiculite. These materials were used to estab­
lish Experiment 2 in the field. 
Field procedures 
In May I968, a second field experiment was established 
in the field using seedlings and cuttings transplanted from 
the greenhouse. Fifty-six entries, composed of 4$ single 
crosses, 10 parental clones and Vernal, were transplanted in 
plots arranged in a randomized complete block design with four 
replicates. Each plot was two rows, 3 m long with five plants 
per row. Plants were numbered 1 to 10 for each entry per 
replication for ease of Identification. 
When the plants started blooming, two plants per plot were 
selected for each entry in each of the four replicates. A 
total of 4^ -8 plants were selfed from July I6 to August 6, 
using the same general procedure followed in the first cycle, 
to assay self-fertility. 
Experimental procedures for this experiment were the 
same as those described for Experiment 1. Agronomic char­
acters measured in Experiment 2 are presented in Table 3. 
Table 3» Agronomic characters measured and dates when scored In Experiments 
1 and 2 
Date scored or measured 
Character Unit of measure Experiment 1 Experiment 2 
Spring vigor 1 - 9* May 3-5, I968 May 12, I969 
Yield Pounds/plant June 10-13, 1968 July 9-10, 1969 
Days to bloom Days from first 
cutting 
July, 1968 July, 1969 
Plant height Inches July 24-31, 1968 July 22-25, 1969 
Plant width Inches July 24-31, 1968 July 22-25, 1969 
Growth habit Height/width July, 1968 July, 1969 
Longest stem Inches August 12-16, 1968 July 22-25, 1969 
Seed production 1 - 9 ^  September 3-5» I968 October 3-5, 19^9 
- most vigorous, 9 ~ least vigorous. 
^1 r: best seed producer, 9 - poorest seed producer. 
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Table 4. Entry numbers and pedigrees for the progenies in 
.experiments 1, 2, and 3 
Experiment 1 Experiment 1 
^ntry Entry 
no. Pedifçree no. Pedigree 
Parental clones progenies 
111 179 129 183 X 51-5 
112 183 130 51-5 X 183 
133 131? 131 183 X 61-2 
134 17-1 132 61-2 X 183 
153 40-3 135 183 X 69-8 
154 46-1 136 69-8 X 183 
175 51-5 137 183 X 72-3 
176 61-2 138 72-3 X 183 
199 69-8 139 1317 X 17-1 
100 72-3 140 17-1 X 1317 
l4l 1317 X 40-3 
Fl progenies 142 40-3 X 1317 
143 1317 X 46-1 
101 179 X 183 144 46-1 X 1317 
102 183 X 179 145 1317 X 51-5 
103 179 X 1317 146 51-5 X 1317 
104 1317 X 179 147 1317 X 61-2 
105 179 X 17-1 148 61-2 X 1317 
106 17-1 X 179 149 1317 X 69-8 
107 179 X 40-3 150 69-8 X 1317 
108 40-3 X 179 151 1317 X 72-3 
109 179 X 46-1 152 72-3 X 1317 
110 46-1 X 179 155 17-1 X 40-3 
113 179 X 51-5 156 40-3 X 17-1 
114 51-5 X 179 157 1701 X 46-1 
115 179 X 61-2 158 46-1 X 17-1 
116 61-2 X 179 159 17-1 X 51-5 
117 179 X 69-8 160 51-5 X 17-1 
118 69-8 X 179 161 17-1 X 61-2 
119 179 X 72-3 162 61-2 X 17-1 
120 72-3 X 179 163 17-1 X 69-8 
121 183 X 1317 164 69-8 X 17-1 
122 1317 X 183 165 17-1 X 72-3 
123 183 X 17-1 166 72-3 X 17-1 
124 17-1 X 183 167 40-3 X 46-1 
125 183 X 40-3 168 46-1 X 40-3 
126 40-3 X 183 169 40-3 X 51-5 
127 183 X 46-1 170 51-5 X 40-3 
128 46-1 X 183 171 40-3 X 61-2 
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Table 4. (Continued) 
Experiment 1 Experiment 2 
Entry Entry 
no. Pedigree no. Pedigree 
progenies 
^1 progenies 
172 61-2 X 40-3 202 156-3 X I89-3 
173 40-3 X 69-8 203 156-3 X 186-2 
174 69-8 X 40-3 205 110-3 X 146-1 
177 40-3 X 72-3 207 143-5 X 156-3 
178 72-3 X 40-3 208 127-5 X 182-1 
179 46-1 X 5I-5 210 143-5 X 186-2 
180 5I-5 X 46-1 211 110-3 X 189-3 
181 46-1 X 61-2 212 146-1 X 182-1 
182 61-2 X 46-1 213 146-1 X 156-3 
183 46-1 X 69-8 214 182-1 X 192-2 
184 69-8 X 46-1 216 110-3 X 127-5 
185 46-1 X 72-3 217 110-3 X 143-5 
186 72-3 X 46-1 219 130-4 X 186-2 
187 51-5 X 61-2 220 110-3 X 186-2 
188 61-2 X 51-5 221 143-5 X 189-3 
189 51-5 X 69-8 222 186-2 X 192-2 
190 69-8 X 51-5 223 127-5 X 196-3 
191 51-5 X 72-3 224 130-4 X 143-5 
192 72-3 X 51-5 226 110-3 X 130-4 
193 61-2 X 69-8 227 130-4 X 156-3 
194 69-8 X 61-2 228 186-2 X 189-3 
195 61-2 X 72-3 229 156-3 X 182-1 
196 72-3 X 61-2 230 127-5 X 186-2 
197 69-8 X 72-3 231 146-1 X 192-2 
198 72-3 X 69-8 232 127-5 X 189-3 
233 110-3 X 192-2 
235 143-5 X 182-1 
Experiment 2 236 110-3 X 156-3 
237 127-5 X 130-4 
Parental clones 238 182-1 X 186-2 
239 127-5 X 143-5 
201 110-3 240 110-3 X 182-1 
204 127-5 241 182-1 X 189-3 
206 130-4 243 156-3 X 192-2 
209 143-5 244 130-4 X 146-1 
215 156-3 245 146-1 X 189-3 
218 146-1 247 143-5 X 146-1 
225 189-3 248 127-5 X 192-2 
234 186-2 249 146-1 X 186-2 
242 182-1 250 130-4 X 192-2 
246 192-2 251 130-4 X 189-3 
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Table 4. (Continued) 
entry 
no. 
Experiment 3 
Pedigree 
Entry 
no. 
Experiment 2 
Pedigree 
First-cycle parents 
307 46-1 
315 17-1 
320 40-3 
323 1317 
339 179 
348 69-8 
353 72-3 
357 61-2 
364 183 
Second-cycle parents 
P, progenies 
319 186-2 
322 182-1 
330 146-1 
347 156-3 
356 192-2 
365 127-5 
371 130-4 
374 110-3 
377 189-3 
379 143-5 
Third-cycle parents 
308 229-4 
316 233-3 
321 210-1 
336 226-4 
337 248-7 
346 205-6 
351 202-8 
376 254-3 
380 236-6 
381 255-10 
252 
253 
254 
255 
130-4 X 182-1 
130-4 X 182-1 
143-5 X 192-2 
127-5 X 146-1 
256 Vernal (accession 3181) 
Experiment 3 
311 229-4 X 210-1 
312 248-7 X 254-3 
313 202-8 X 229-4 
314 255-10 X 233-3 
317 229-4 X 233-3 
318 255-10 X 202-8 
325 248-7 X 236-6 
327 236-6 X 233-3 
328 202-8 X 226-4 
329 248-7 X 205-6 
332 254-3 X 236-6 
333 202-8 X 236-6 
334 236-6 X 210-1 
335 226-4 X 205-6 
338 248-7 X 229-4 
340 202-8 X 254-3 
342 210-1 X 205-6 
343 226-4 X 229-4 
345 226-4 X 210-1 
349 202-8 X 233-3 
350 248-7 X 255-10 
352 205-6 X 233-3 
354 254-3 X 229-4 
355 255-10 X 226-4 
358 236-6 X 205-6 
359 229-4 X 205-6 
360 255-10 X 236-6 
362 226-4 X 233-3 
363 255-10 X 254-3 
366 202-8 X 210-1 
367 255-10 X 210-1 
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Table 4. (Continued) 
Experiment 3 Experiment 3 
Entry Entry 
no. Pedigree no. Pedigree 
progenies 
248-7 X 226-4 
:K)2 248-7 X 202-8 
303 254-3 X 210-1 
3(^ 202-8 X 205-6 
:%)5 226-4 X 236-6 
306 248-7 X 233-3 
309 255-10 X 229-4 
progenies 
368 254-3 X 233-3 
369 254-3 X 226-4 
236-6 X 229-4 
372 210-1 X 233-3 
373 255-10 X 205-6 
378 254-3 X 205-6 
310 Vernal(accession 3181) 
324 
331 
341 
344 
361 
371 
Third Cycle Population 
Greenhouse procedures 
From the self-fertility data of the 448 plants selfed in 
the second experiment, ten plants highest in self-fertility 
were selected for use as third-cycle parents (Table 2). Stem 
cuttings of the 10 selected plants together with the flrst-
and second-cycle parents were rooted in the greenhouse in 
October I968. The third-cycle parents were crossed in a 
diallel arrangement, and more than 100 flowers were selfed 
for each parent clones in the three groups. Number of seeds 
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per flower tripped, number of seeds per pod, and percentages 
of flowers forming pods were calculated for each fçroup. 
Seedlings and stem cuttings of the materials for the 
third experiment were prepared for transplanting in the same 
manner as in the previous cycle. 
Field procedures 
Experiment 3 was established in May I969, from seedlings 
of the crosses among the third-cycle parents and Vernal 
(accession 3181) and stem cuttings of the three groups of 
parental clones. Eighty-one entries composed of 45 single 
crosses, 29 parental clones and Vernal entered seven times, 
were arranged in a partially balanced lattice design with 
three replicates. A plot was two rows, 2.4 m long with four 
plants per row. Experimental procedures during the year of 
establishment of this experiment were the same as those 
described for Experiments 1 and 2. 
In the summer, I969, two plants in each plot of repli­
cates one to three were selfed to assay self-fertility (total 
of 486 plants). Selfing techniques were the same as in the 
previous experiments and each selected plant was selfed on 
two dates (the first plant was selfed twice in July and the 
second, twice in August). For each date, 20 flowers were 
selfed on each plant in a replicate. The three self-
fertility Indices were then calculated. 
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Analysis of Fertility Data 
First- and second-cycle populations 
Fertility data from the first- and second-cycle popula­
tions were handled in a similar manner; therefore, only a 
general description of the analysis will be given. 
Greenhouse data for the self- and cross-fertility in­
dices were based on one replicate of 200 or more flowers per 
parent and 40 to $0 flowers per cross and reciprocal. Differ­
ences between self- and cross -fertility of the parental 
clones with respect to number of seeds per flower, number of 
seeds per pod and percentages of flowers forming pods were 
tested using t-test as outlined by Steel and Torrie (i960). 
Field data for the first-cycle population was based upon 
five replicates of ^0 to 50 flowers per cross and reciprocal, 
or per parent. The mean squares for entries were partitioned 
into components for general combining ability effects, specific 
combining ability effects, and reciprocal effects. Data for 
the second-cycle population were analyzed like the data for 
the first except without the reciprocal component. Fer­
tility indices were based upon 40 to 50 flowers per cross 
and parent. 
Phenotypic correlations among the three indices of self-
fertility were calculated In each population using the formula: 
— 
y2 
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where ^ xy,^and£]y^ were the adjusted sum of cross pro­
ducts, sum of squares for X and sum of squares for Y, re­
spectively. 
Third-cycle population 
Greenhouse data for the third-cycle population were 
analyzed in the same manner as the previous cycles. Fer­
tility indices were based upon one replicate of 100 or more 
flowers per parent and 40 to $0 flowers per cross and recipro­
cal . 
Field data were based upon three replicates of 30 to 4o 
flowers per cross or parent. Analyses of variance appropri­
ate to a split-split-plot design with three replicates were 
calculated for the three indices of self-fertility. Treatments 
were analogous to whole units, months within treatments to 
subunits, and dates within months to sub-subunits. 
Analysis of Agronomic Data 
The analyses of all agronomic data were computed on 
plot means. Analyses of variance appropriate to triple lat­
tice and randomized complete block design assuming fixed ef­
fects were calculated for the agronomic traits measured in 
Experiments 1 and 2, respectively. The individual degree of 
freedom comparisons, designed to test the differences among 
various types of populations, were made in both experiments. 
Phenotypic correlations among all characters were 
4l 
calculated for the parents and progenies in each experi­
ment on a plot mean basis. Correlation coefficients were 
calculated using the formula used for the fertility indices. 
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RESULTS 
Greenhouse Studies 
Self- and cross-fertility 
Mean self- and cross-fertility indices for the parental 
clones of cycles 1, 2, and 3 are presented in Tables 5> 6, 
and 7. Individual plant data used in calculating these in­
dices are listed in Appendix Tables 22, 23, and 24. Cross-
fertility of each parental clone was computed as the average 
of nine crosses where the particular clone was used as the 
female parent. In all cases, the cross-fertility index of a 
parental clone was higher than its self-fertility index when 
number of seeds per flower or number of seeds per pod 
was used as the index. Differences in measurement criterion 
between self- and cross-fertility with respect to percentages 
of flowers forming pods were small. 
Mean number of seeds per flower crossed was 4,71 for 
cycle 1, 6.63 for cycle 2, and 5-97 for cycle 3 compared to 
2.72, 4,74, and 5'52 seeds per flower selfed, respectively. 
On the average, the ratio between cross- and self-fertility 
was 1.42:1.00 using number of seeds per flower as the index. 
Similarly, mean number of seeds per pod for parental clones 
was higher in the crossed group than in the selfed group with 
an average ratio of 1.41:1.00 between cross- and self-
fertility. 
In general, the ratio between cross- and self-fertility 
Table $. Self- and cross-fertility indices of the 10 cycle-1 parental clones, 
winter I966-67 
'arental 
clone 
Seeds per flower Seeds per pod 
% of flowers 
forming pods 
Selfed Crossed Selfed Crossed Selfed Crossed 
179 3.18 5.00 3.66 6.65 87.0 74.8 
183 1.36 4. 50 2.00 5.18 65. 8 86.6 
1317 2.98 6.14 3.71 7.87 80.1 78.0 
17-1 3.11 4.41 3.96 6.23 78.6 70.4 
1 0 3.14 4. 74 4.01 5.54 78.4 85.1 
46-1 2.72 4.70 3.60 5.94 75.4 78.8 
51-5 2.90 3.90 3.53 5.78 82.0 68.0 
61-2 2.26 4.77 2.67 5. 86 84.5 79.6 
69-8 2.49 4.49 3.39 5.93 73.4 75.5 
72-3 3.07 4.46 3.69 6.16 83.1 75.6 
Mean 2.72 4.71 3.43 6.11 78.9 77.2 
Table 6. Self- and cross-fertility indices of the 10 cycle-2 parental clones, 
winter I967-68 
% of flowers 
Seeds per flower Seeds per pod forminp; pods 
Parental 
clone Selfed Crossed Selfed Crossed Selfed Crossed 
110-3 4.63 6.40 4.96 6.94 93.3 93.3 
127-5 5.21 7.25 5.63 7.52 92.5 96.6 
130-4 4.49 6.43 4.73 6.84 94.8 94. 2 
143-5 4.00 6.20 4.59 6.80 87.1 90.6 
146-1 5. 56 8.92 9.40 9.97 87.9 89.1 
156-3 4. 29 6.03 4.84 6. 34 88.6 95.3 
182-1 3.94 5.33 4.48 5.97 88.0 93.1 
186-2 4.84 6.59 4.98 6.65 97.2 97.8 
189-3 4.62 5.72 4.99 6.73 92.6 83.8 
192-2 5.86 7.47 6.18 7.75 94.9 92.9 
Mean 4.74 6.63 5.48 7.15 91.7 92.7 
Table 7. Self- and cross-fertility indices of the 10 cycle-3 parental clones, 
winter I968-69 
Seeds per flower Seeds per pod 
% of flowers 
forming pods 
Parental 
clone Selfed Crossed Selfed Crossed Self ed Crossed 
229-4 4.82 5.06 5.38 5.79 89.6 86,6 
233-3 5.80 6.00 5.91 6.65 98.2 90.1 
210-1 4.75 5.57 6.81 6. 56 69.7 84.6 
226-4 5.77 7.10 6.58 7.57 87.7 93.7 
248-7 6.54 6.60 6.72 7.35 97.3 89.7 
205-7 5.85 6.05 6.35 7.58 92.1 79.3 
202-8 4.17 4. 52 4.75 5.28 87.9 87.0 
254-3 5.72 6.24 5.94 6.98 96.4 89.5 
236-6 3.99 5.26 4. 24 5.91 94.1 87.9 
255-10 4.83 7.27 5.58 8.45 86.6 86.9 
Mean 5.22 5.97 5.83 6.81 90.0 87.5 
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was reduced from cycle to cycle with respect to number of 
seeds per flower and number of seeds per pod. In cycle 
self-fertilities of all parental clones were approaching 
equality with the respective cross-fertilities for these 
two indices. 
Differences between self- and cross-fertility were tested 
for significance via t-test (Steel and Torrie, I96O). The 
t-tests show that mean cross-fertility was significantly higher 
than mean self-fertility for parental clones in each cycle 
when seeds per flower and seeds per pod were used as the in­
dices (Table 8). There was no significant difference between 
means of self- and cross-fertilities when percentage flowers 
forming pods were used as the index. 
Table 8. Computed t-values for differences between means of 
self- and cross-fertilities 
t-values 
Self-fertility 
index Cycle 1 Cycle 2 Cycle 3 
Seeds per flower 36.18** 51.64** 13.44** 
Seeds per pod 52.55** 78.40** 13.92** 
% of flowers 
forming pods 
- 0.15 0.05 0.38 
#*Significant at the 1 percent level of probability. 
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The sets of parental clones were selfed on several dates 
in the greenhouse to test whether environmental differences 
affected self-fertility. Significant variability in self-
fertility were observed among parent means within sets for 
7 of 9 set-trait combinations (Table 9)- Mean squares for 
seeds per flower were significant in cycles 1 and 2, for seeds 
per pod in cycles 2 and 3 and for percentages of flowers form­
ing pods in cycles 1, 2 and 3. In no instance (i.e., index 
and/or cycle) was there significant variation among parents 
within a cycle due to selfing dates. These results disagree 
with those of Miller and Schonhurst (I968), who found self-
fertility became lower and more variable as the season pro­
gressed. 
Phenotypic correlations 
The correlation coefficients among the three indices were 
calculated separately for both self- and cross-fertility 
(Table 10). Since seeds per pod has a direct effect on seeds 
per flower, a positive correlation was expected between these 
two indices, and as expected; all correlations of these in­
dices were positive and highly significant (range from 0.72 
to 0.97) for both self- and cross-fertility. One correlation 
coefficient between seeds per flower and percentage of flowers 
forming pods (for first cycle parents selfed) was significant 
at the 5 percent level, but certainly no strong relationship 
was evident between these two indices. The r values between 
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Table 9, Mean squares from the analyses of variance of self-
fertility indices determined on the parental clones 
at different dates of selfing, greenhouse I969 
Mean squares 
Source of 
variation DP 
Seeds per 
flower 
Seeds per 
pods 
% of flowers 
forming pods 
Cycle 1 
Entries 8 2.258** 1.701 242.494* 
Dates 3 0.220 0.130 77.020 
Error 24 0.567 0.764 73.434 
Cycle 2 
Entries 9 2.047* 2.034** 140.707* 
Dates 3 0.403 0.487 43.433 
Error 27 0.744 0.589 56.314 
Cycle 3 
Entries 9 3.161 2.768* 227.737* 
Dates 3 0.373 0.187 114.380 
Error 27 1.429 1.029 95.451 
^Sipnificant at the 5 percent level of probability. 
**SignAficant at the 1 percent level of probability. 
seeds per pod and percentages of flowers forming pods were 
both positive or negative but none was significant with either 
selfing or crossing. Davis and Gartner (I966) reported a cor­
relation of 0.88 between percentage pods set and seeds per pod, 
4-9 
Table 10. Correlation coefficients between the three indices 
of self- and cross-fertility 
Seeds 
seeds 
per flower 
vs. 
per pod 
Seeds per flower 
vs. % of flowers 
forming pods 
Seeds per pod 
vs. ^ of flowers 
forming pods 
Cycle Selfed Crossed Selfed Crossed Selfed Crossed 
1 0.96** 0.81** 0.71* -0.17 0.49 -0.46 
2 0.72* 0.97** 0.41 0.04 -0.19 -0.21 
3 0.77** 0.95** 0.42 0.33 -0.25 0.02 
*,**In this table and in all succeeding tables, one and 
two asterisks will refer to significance at 5 and 1 percent 
levels of probability, respectively. 
0.96 between percentage pods set and number of seeds per 100 
flowers following selfing. Gray et al. (I969) also found 
significant correlations between percentages of flowers form­
ing pods and seeds per pod, and between seeds per flower and 
seeds per pod following self- and cross-pollination. In my 
study, either seeds per pod or seeds per flower would be a 
satisfactory index of self- and cross-fertility. However, 
with uncontrolled pollination, seeds per pod would be the 
most suitable index. 
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Field Studies 
Self-fertility 
Experiment 1 Mean self-fertility of the parental 
clones and their progenies and mean squares from analyses 
of variance for the three indices of self-fertility are pre­
sented in Tables 11 and 13. Data for individual entry means 
are tabulated in Table 25 of the Appendix. 
Table 11. Mean self-fertility of the parental clones and 
their F- progenies measured in Experiment 1, 196? 
Seeds 
per flower 
Seeds 
per pod 
% of flowers 
forming pods 
Parents 1.78 2.70 63.5 
P-j^ progenies 1. 52 2.37 56.1 
Experiment x 1.54 2.40 58.8 
Significant (5 percent level) differences among entry 
means were observed for self-fertility when number of seeds 
per flower and seeds per pod were used as indices, but the 
mean square for entries was not significant when percentage 
of flowers forming pods was used as the index. Upon parti­
tioning the sums of squares for entries, the comparison be­
tween parents and crosses gave the largest mean square. The 
parental clones were superior to their Fj progenies for 
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percentages of flowers forming pods and seeds per flower, 
but the parental clones did not differ significantly for any 
index of s^lf-fertility. 
In general, the progenies exhibited marked variability 
for number of seeds per flower and seeds per pod, e.g., the 
number of seeds per flower ranged from 0 to 4.70 and seeds per 
pod ranged from 0 to 5-72. Diallel cross analyses for seeds 
per flower and seeds per pod showed that mean squares for 
general combining ability effects were significant at the 1 
percent level of probability. In no instance was there sig­
nificant specific combining ability effects. Reciprocal 
differences were observed for number seeds per pod. Within 
reciprocal effects, there was some evidence of non-maternal 
effects, indicating cytoplasmls x genotype Interaction. 
Experiment 2 Table 12 gives the mean self-fertility 
of the parental clones, their progenies and Vernal as check, 
for Experiment 2 (cycle 2) and individual entry means are 
presented in Appendix Table 26. By comparing the parent and 
progeny means to Vernal it Is evident that progress has been 
made In increasing self-fertility in my materials via pheno-
typlc recurrent selection. 
Highly significant differences were observed among en­
tries In Experiment 2 (Table 14). The comparison of Vernal 
versus the parental clones plus progenies was the largest 
source of variation for all three indices, which shows that 
the average self-fertility of the second cycle parental clones 
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Table 12. Mean self-fertility of 
F-i progenies and Vernal 
1968 
the parental 
measured in 
clones, their 
Experiment 2, 
Seeds 
per flower 
Seeds 
per pod 
t of flowers 
forming pods 
Parents 3.39 4.17 80.2 
F2 progenies 2.54 3.35 73.6 
Vernal 1.15 1.91 50.3 
Experiment x 2.66 3.47 74.4 
and their progenies was significantly higher than the un-
selected Vernal. Mean percentages of flowers forming pods, 
seeds per pod and seeds per flower of the progenies were 
increased 46, 75» and 120 percent, respectively, relative to 
the mean of Vernal (Table 12). This shows the effectiveness 
of phenotyplc recurrent selection for high self-fertility in 
my materials. 
The mean squares for "among parents" were significant for 
seeds per pod and seeds per flower but not for percentages of 
flowers forming pods. Much of this variation was due to 
parent clone number 246 which performed considerably better 
than the other parental clones for the two Indices that ex­
hibited significant differences (Table 26). A second major 
item was the marked superiority of the parental clones over 
their F-j_ progenies. This large difference was somewhat 
Table 13. Mean squares from analyses of variances for the three indices of self-
fertility measured in Experiment 1, I967 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
% of flowers 
forming pods 
Seeds 
per pod 
Seeds per 
flower 
Replications 4 
Entries 99 
Among parents 9 
Parents vs crosses 1 
Among crosses 89 
General combining 
ability 9 
Specific combining 
ability 35 
Reciprocal effects 4$ 
Maternal effects 9 
Non-maternal effects 36 
14,911.69** 
499.49 
139.62 
1,975.68** 
519.30 
824.18 
523.15 
455.32 
532.99 
435.91 
28.47 
1.39* 
0.85 
4.76 
1.41* 
3.42** 
0 . 8 8  
1.42* 
0.84 
1.57* 
24.45 
1.07 
0.49 
3.20* 
1.11* 
2.44** 
0 .86  
1.03 
1.12 
1.01 
Error 396 451.50 1.05 0.88  
Table 14. Mean squares from analyses of variance for the three indices of self-
fertility measured in Experiment 2, I968 
Source of 
variation 
Decrees 
of 
freedom 
Mean squares 
% of flowers 
forming pods 
Seeds 
per pod 
Seeds per 
flower 
Replications 3 
Entries 55 
Vernal vs (others) 1 
Among parents 9 
Parents vs crosses 1 
Among crosses 44 
General combining 
ability 9 
Specific combining 
ability 35 
Replications x entries 16$ 
1,272.19** 
472.30** 
4,733.91** 
201.64 
2,743.66** 
379.19* 
340.78 
389.07* 
267.38 
3.67** 
3.58** 
19.87** 
3.23** 
43.87** 
2.36** 
1.48 
2.59** 
0.87 
4.07** 
3.67** 
18.69** 
3.92* 
47.32** 
2.29** 
1. 28 
2.55** 
0.91 
Va 
-P 
Error 224 276.96 0.92 0.97 
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expected, since the parental clones were selected from the 
previous cycle for high self-fertility and, therefore, have 
especially favorable combinations of genes for self-fertility. 
When they were intercrossed these favorable combinations of 
genes were broken up in the production of the crosses. 
The F-j^ progenies exhibited a wide range of variability 
for the three indices as evidenced by significant (.01 level) 
mean squares among crosses (Table l4). Among crosses the 
number of seeds per pod ranged from 0 to 6.62, seeds per 
flower ranged from 0 to 5«7^ and percentages of flowers form­
ing pods ranged from 0 to 100.00. 
General combining ability effects were not significant 
for any index of self-fertility, but specific combining 
ability effects were significant at the .01 level for seeds 
per flower and seeds per pod and at .05 level for percentages 
of flowers forming pods. Thus, it appears that non-additive 
genetic effects were more Important in determining self-
fertility for this group of materials than in Experiment 1. 
Experiment ^  In Table 15 I'have presented the means 
for the three indices of self-fertility measured in Experiment 
3 where the parent clones from all cycles and the progenies 
from intercrossing third cycle clones were tested together. 
Table 16 presents mean squares from the analyses of variance 
of data from Experiment 3» Individual entry means are listed 
in Table 2? of the Appendix. Figures 1, 2 and 3 present the 
mean self-fertility of four alfalfa populations representing 
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Table I5. Mean self-fertility of different populations of 
alfalfa representing 0, 1, 2, and 3 cycles of 
selection measured in Experiment 3» 196? 
Population 
Seeds 
per flower 
Seeds 
per pod 
% of flowers 
forming pods 
Cycle 0 (Vernal) 1.48 2.19 61.4 
Cycle 1 2.22 2.80 75.4 
Cycle 2 3.38 3.98 82.4 
Cycle 3 3.86 4.63 80.9 
F2 progenies 2.56 3.23 73.2 
Experiment x 2.69 3.36 74.6 
0, 1, 2, and 3 cycles of selection, compared in the same ex­
periment. It is evident that definite progress has been made 
in increasing self-fertility in this material by phenotypic 
recurrent selection. There were significant differences be­
tween the means of parental clones from the several cycles 
with respect to seeds per flower and seeds per pod, but not 
with respect to percentages of flowers forming pods. Usin% 
clonal means as a basis of measurement, there was a gain of 
2.38 seeds per flower in 3 cycles of selection, a gain of 0.81 
per cycle. Similarly, the increase in seeds per pod was 2.44 
for 3 cycles or O.83 unit of increase per cycle of selection. 
Mean seeds per flower and seeds per pod of the third-
cycle progenies were 2.56 and 3,23, respectively, compared 
Table l6. Mean squares from analyses of variance for self-fertility Indices at 
different dates of selflng measured in Experiment 3, I969 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
% of flowers 
forming pods 
Seeds 
per pod 
Seeds per 
flower 
Replications 2 
Entries (E) 80 
Among Vernal 
Vernal vs (others) 
vs (Cg, and P^'s) 
Cp vs (G^ and F^'s) 
Co vs P^'s 
Amonp; 
Amon^ C 
Among C 
2 
3 
Among crosses 
General combining 
ability 
Specific combining 
ability 
6 
1 
1 
1 
1 
8 
9 
9 
44 
9 
35 
1,181.61** 
1,139.23** 
26.22 
15,770.69** 
11. 28 
6,149.56** 
5,771.92** 
48.09 
26.44 
846.04 
1,252.04** 
1,676.11** 
1.142.99** 
13.03** 
8.92** 
0.72 
122.32** 
52.57** 
27.65** 
200.03** 
0.31 
2 . 2 0  
5.56* 
5.58** 
7.21** 
5.15** 
13.49** 
8.88** 
0.57 
134.89** 
42.19** 
34.20** 
163.98** 
0.78 
1.10 
4.10 
6.33** 
8.47** 
5.78 
Table l6, (Continued) 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
% of flowers 
forming pods 
Seeds 
per pod 
Seeds per 
flower 
Error (a) 
Months (M) 
E X K 
Error (b) 
Dates (D) 
E X D 
M X D 
X Fi X D 
Error (c) 
160 
1 
80 
162 
1 
80 
1 
80 
324 
687.11 
9.81 
652.89 
541.49 
453.92 
344.29 
768.00 
396.98** 
263.57 
2.32 
1.18 
2.41 
2.71 
28.08** 
1.33 
21.04** 
1.78** 
1.32 
2.74 
1.71 
2.83 
2 . 8 2  
9.24** 
1.61 
15.41** 
1.70* 
1.28 
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Figure 1. Mean seeds per flower for 4 populations of 
alfalfa representing 0, 1, 2, and 3 cycles 
selection for high self-fertility 
60 
CYCLE OF RECURRENT SELECTION 
Fiffure 2. Mean seeds per flower for 4 populations of 
alfalfa representing 0, 1, 2, and 3 cycles of 
selection for high self-fertlllty 
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Figure 3. Mean percentages of flowers forming pods for 4 
populations of alfalfa representing 0, 1, 2, and 
3 cycles of selection for high self-fertility 
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to 1.48 and 2.19 for Vernal (Table 15). Using this popula­
tion as the basis of measurement, seeds per flower and seeds 
per pod were increased 73 and 4? percent, respectively, in 
three cycles of selection. 
In Experiment 3, there was significant variation (.01 
level) among entries for all three indices of self-fertility. 
Upon partitioning the sum of squares for entries, the largest 
sources of variation were due to the comparisons between the 
cycle populations. These differences were expected and attest 
to the effectiveness of phenotypic recurrent selection in in­
creasing self-fertility in alfalfa. The differences in the 
means of third cycle parental clones and their progenies 
were significant (1 percent level). As in the second cycle, 
higher self-fertility of the parental clones was probably due 
to the favorable combinations of genes, i.e., non-additive 
genetic effects that influenced self-fertility and the break­
up of these favorable combinations upon intercrossing resulted 
in lower self-fertility for the progenies. 
A wide range of variability was observed among the third 
cycle F^ progenies for each index as indicated by significant 
(.01 level) mean squares for the "among F^ crosses" source. 
For all three indices, the F^ crosses showed significant mean 
squares for both general and specific combining ability effects. 
The environmental effects on self-fertility expression of 
alfalfa can be judged from the mean squares provided in the 
lower part of Table l6. None of the mean squares for the 
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"months" or "months x entries" sources was significant which 
shows that the means of measurements made in July and August 
were similar and, furthermore, that the relative self-
fertilities of the various alfalfa entries were similar during 
the two months. There were significant differences in mean 
self-fertility readings among dates within months for seeds 
per pod and seeds per flower indices. However, no interaction 
of entries by dates was apparent. In general, my data show 
that the variation in self-fertility readings obtained for 
alfalfa in Experiment 3 was not associated with specific en­
vironmental effects. A number of workers have reported large 
seasonal variation in seed yields of alfalfa. Piper et al. 
(1914) and Carlson (1928) attributed variation in seed yields 
to changes in weather conditions. Engelbert (1932) con­
cluded that amount and distribution of summer rainfall were 
limiting factors in alfalfa seed production, and Bolton and 
Fryer (1937) found that pod yields was higher for flowers 
tripped on July 29 than on August 9» which were followed by 
wet and dry conditions, respectively. 
Agronomic traits 
Experiment 1 Entry means for spring vigor, forage 
yield, days to bloom, plant height, plant width, summer growth 
habit, longest stem length and seed production measured in 
Experiment 1 are presented in Table 28 of the Appendix and 
mean performance of the parental clones and their progenies 
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are shown in Table 17. Sprin# vigor and seed production were 
scored visually on a 1-9 scale (1 = best; 9 = poorest). 
Yield was recorded in pounds per plant (green weight) and 
plant height, plant width and longest stem were measured in 
inches. Days to bloom was the number of days from harvest 
until the first flower opened. Growth habit was the ratio of 
of plant height to plant width. A value of 0.90-1.00 indi­
cated the plant was erect, whereas a value of 0.10-0.20 in­
dicated a prostrate growth habit. All data were obtained on 
individual plants but the analyses of variance were computed 
using plot means. 
Highly significant mean squares were observed among 
entries for all agronomic traits studied (Table 18). Upon 
partitioning the sums of squares for entries, the largest 
source of variation was for parents versus crosses. All 
mean squares for this comparison were significant (0.01 level) 
except for plant height. The parental clones were earlier in 
maturity, more erect, and higher in seed production than their 
crosses. In contrast, the crosses exhibited a signifi­
cant positive heterotlc response for forage yield and spring 
vigor. 
Significant variation was exhibited among the parental 
clones for all agronomic traits, but much of this variation 
was due to parent entry numbers 111 and 175 (Table 28). 
These clones performed either considerably poorer or better 
than the other parental clones for most traits. 
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Table I7. Mean performance of the parental clones and their 
Ft crosses for 8 agronomic traits measured in Ex­
periment 1, 1967-68 
Character Parental clones F2 crosses 
Spring vigor (1-9)^ 6.9 5.3 
Forage yield (lb/plant) 1.28 1.71 
Days to bloom 25.5 26.1 
Plant height (in) 29.3 29.3 
Plant width (In) 28.4 30.5 
Summer growth habit 1.04 0.97 
Longest stem (in) 41. 7 43.1 
Seed production (1-9)^ 5.6 6.5 
^1 = most vigorous, 9 - least vigorous. 
^1 T= best seed producer, 9 =• poorest seed producer. 
There were significant mean squares for the "among 
crosses" source for all traits studied. For each trait the 
magnitude of variability among the crosses was smaller than 
the variability among the parental clones. Diallel analyses 
of variance for the agronomic traits showed that mean squares 
for both general and specific combining ability effects were 
significant at the .01 level for all the agronomic traits. 
None of the reciprocal effects were significant for any 
agronomic trait. General and specific combining ability 
effects were tested against the general error term with 441 
Table 18. Mean squares from analyses of variance for agro­
nomic traits measured in Experiment 1, summer I967 
Mean squares 
Degrees 
Source of of Spring Days to 
variation freedom vigor Yield "bloom 
Replications 5 45.161** 0.890** 41.475** 
Blocks 5^ 0.732* 0.058* 3.036 
Entries 99 3.144** 0.253** 16.740** 
Among parents 9 1.867** 0.171** 20.483** 
Parents vs crosses 1 153.822** 11.505** 40.458** 
Among crosses 89 I.58O** 0.135** 16.095** 
General combining 
ability effects 9 8.578** 0.786** 136.677** 
Specific combining 
ability effects 35 1.235** 0.875** 3.798** 
Reciprocal 
effects 45 0.449 0.041 1.542 
Maternal effects 9 0.735 0.035 1.745 
Non-maternal 
effects 36 0.377 0,042 1.491 
Error 44-1 0.501 0.040 2.425 
C.V. {%) (9.2) (6.9) (3.5) 
6? 
Mean squares 
Plant Plant Growth Longest Seed 
height width habit stem production 
384.000** 50.675** 0.532** 99.400** 8.212** 
11.736** 13.082** 0.024** 17.924** 1.964** 
13.957** 7.688** 0.028** 43.735** 12.549** 
27.406** 6.081** 0.049** 66.816** 38.697** 
4.506 258.462** 0.366** 208.860** 25.710** 
12.703** 5.033** 0.022** 39.546** 9.758** 
83.772** 13.340** 0.139** 287.601** 77.031** 
5.328** 6.109** 0.010** 18.659** 2.947** 
4.226 2.534 0.007 6.180 1.600 
2.446 1.725 0.005 7.078 1.276 
4.671 2.736 0.008 5.956 1.681 
3.430 3.005 0.006 6.572 1.265 
( 3 . 8 )  (8.5) ( 3 . 8 )  ( 3 . 6 )  (10.4) 
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degrees of freedom from the original lattice design. Using 
this general error term, general combining ability effects 
are overestimated while specific combining ability effects 
are underestimated. 
Experiment 2 The means for spring vigor, forage 
yield, days to bloom, plant height, plant width, summer growth 
habit, longest stem length and seed production for the parental 
alfalfa clones, their progenies and Vernal (check) are 
given in Table 19 and the mean squares from the analyses of 
variance for the agronomic traits measured in Experiment 2 
are presented in Table 20, A listing of individual entry 
means is presented in Table 29. 
In general, the results from this experiment were 
similar to that obtained in Experiment 1, The mean squares 
attributable to entries were highly significant for all traits 
except summer growth habit. When the sums of squares for 
entries were partitioned, the comparison of Vernal versus 
parents plus crosses showed significance only for seed 
production. Mean seed production values were ^.4 and 7.2, 
for the parental clones and cross progenies, respectively, 
compared to 8.2 for Vernal (Table 19). The superiority of 
the parents and F^ crosses over Vernal for seed production 
paralleled that obtained for the indices of self-fertility 
(Table 12). It is evident that selection for high self-
fertility in this material resulted in increased seed produc­
tion from open pollination also. 
Table I9. Mean performance of the parental clones, their P. progenies and Vernal 
(check) for agronomic traits measured in Experiment 2, I968-69 
Character 
Spring 
vigor 
(1-9)* 
Yield 
(lb/ 
plant) 
Days 
to 
bloom 
Plant 
height 
( in) 
Plant 
width 
(in) 
Growth 
habit 
Longest 
stem 
(in) 
Seed 
pro­
duction 
(l-9)t 
Parents 5.0 1, 58 2 5 . 4  21,7 3 0 . 3  0.76 3 2 . 4  5.4 
P-|_ progenies ^.7 1.75 2 6 . 2  22.1 30.1 0.78 31.4 7.2 
Vernal (check) 5.1 1.75 27.1 21.8 28. 7 0.77 31.6 8 . 2  
Experiment x 4 . 7  1.72 26.1 22.0 30.1 0.78 31.6 6.9 
^1 = most vigorous, 9 = least vigorous, 
^1 IS best seed producer, 9 = poorest seed producer. 
Table 20. Analyses of variance for agronomic traits meas­
ured In Experiment 2, summer 1968-69 
Mean squares 
Degrees 
Source of of Spring Days to 
variation freedom vigor Yield bloom 
Replications 3 27.268** 9.359** 33.266 
Entries 55 15.439** 3.974** 63.225** 
Vernal vs (others) 1 5.892 0.036 43.088 
Among parents 9 15.662** 7.117** 65.423** 
Parents vs crosses 1 29.892* 8.944** 227.880** 
Among crosses 44 15.282** 3.307** 79.945** 
General combining 
ability effects 9 48.853* 13.331** 310.847** 
Specific combining 
ability effects 35 6,649** 0.730** 20.570* 
Replication x 
entries I65 4.597** 0.391** 13.111** 
Error 2016 1.501 0.332 8.122 
C.V. (^) ( 2 . 5 )  ( 3 . 4 )  (10.9) 
71 
Mean squares 
Plant Plant Growth Longest Seed 
height width habit stem production 
1254.482** 892.416** 2.481 170.565** 70.558** 
172.326** 365.567** 0.808 1251.304** 61.614** 
2.264 76.600 0.004 0.020 68.828** 
388.604** 509.107** 1.404 249.582** 127.916** 
51.264 19.220 0.168 337.092** 1203.668** 
134.704** 350.645** 0.719 97.700** 21.933** 
571.933** 1357.164** 3.083 317.453** 79.242** 
22.274 91.826 0.112 41.193** 7.197 
26.877** 76.949** 24.972 0.557** 5.903** 
12.668 29.049 11.571 0.448 2.291 
( 5 . 8 )  ( 9 . 6 )  (6.5) ( 3 . 7 )  ( 3 . 3 )  
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As in Experiment 1, there were marked variabilities among 
the parental clones and among progenies for all traits 
except growth habit. Greater variability existed among 
parental clones than among crosses for forage yield, 
plant height, plant width, longest stem and seed production. 
The crosses, on the other hand, had greater variability 
for days to bloom. 
Mean squares for the comparison between parents and F^ 
crosses were significant at .01 level for forage yield, days 
to bloom, longest stem and seed production and at .05 level 
for spring vigor. No significant differences were observed 
for plant height, plant width and summer growth habit for this 
comparison. On the average, the parental clones bloomed 
earlier and had better seed production than their F^ crosses. 
In contrast, the F^ crosses exhibited a significant positive 
heterotic response for forage yield and sprint vigor. 
Diallel cross analyses of the F^^ crosses of the 10 par­
ental clones indicated a high degree of variance (.01 level) 
for general combining ability effects for foracre yield, days 
to bloom, plant height, plant width, longest stem, and seed 
production and less significant (.05 level) for spring vigor. 
Specific combining ability effects, too, were significant 
(.01 level) for spring vigor, forage yield, and longest stem 
and less significant (.05 level) for days to bloom. 
Replications x entries interactions were highly signifi­
cant for all traits except growth habit. Close examination of 
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the data showed that the performance of each cross progeny 
was the main factor contributing to the significant replica­
tions X entries interaction for all traits measured in this 
experiment. 
Phenotypic correlation Phenotypic correlations among 
all traits measured in Experiment 1 and 2 are shown for the 
parents and their progenies in Table 21. Correlation co­
efficients were calculated from plot means with 8 and 43 de­
grees of freedom for the parents and F^ progenies, respectively. 
Negative correlation values for association of other traits 
with spring vigor and seed production really represent posi­
tive relationships because of the method of scoring (1 = 
best; 9 = poorest). Considerable variation existed among the 
four correlation estimates for a given pair of traits, i.e., 
for the parents and for the F^^ progenies In each experiment. 
For both parental clones and progenies in both experi­
ments, self-fertility is relatively independent of all the 
agronomic traits measured. Highly significant negative associ­
ation was found between spring vigor and forage yield, i.e., 
plants that were vigorous in the spring were also highest 
yielding in the summer. Forage yield was also significantly 
associated with plant width (positively), growth habit 
(negatively), and longest stem (positively). Wider plants 
with more prostrate type of growth tended to produce the 
highest yield. Good spring vigor usually was negatively 
associated with plant height, plant width and longest stem. 
Table 21. Phenotyplc correlations among agronomie traits 
measured on the parental clones (upper right from 
diagonal) and progenies (lower left from diag­
onal) in Experiments 1 and 2 
Self- Spring Days to 
Trait fertility vigor Yield bloom 
Self-fertility 
- -
-.26* 
.34b 
.11 
-.00 
-.32 
-.09 
Spring vigor .31* 
— « 06 — — 
- .79** 
- .  74* 
.07 
-.07 
Yield 
-.19 
.08 
- .54** 
-.86** — mm 
.23 
.03 
Days to bloom 
-.03 
.05 
-.02 
.03 
.  31-
.01 
Plant height 
-.18 
.02 
- .30* 
.01 
.10 
-.19 
-.12 
.13 
Plant width 
-.27 
.12 
-.36* 
- .54** 
.51** 
. 70** 
.19 
.12 
Growth habit .05 
-.10 
.08 
.38* 
-.29* 
- .57** 
-.22 
.14 
Longest stem .03 
.25 
- .34* 
-.52 
.67** 
. 44** 
.42* 
- .14 
Seed production -.20 
-.08 
-. 06 
— .01 
.16 
.19 
.55* 
.15 
^Experiment 1, I967-68. 
"'^ Experiment 2, I968-69. 
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Plant Plant Growth Longest Seed 
height width habit stem production 
-.12 
. 08  
-.38 
.61 
-.04 
.69* 
.04 
. 2 2  
-.11 
.,60** 
. 78** 
. 81** 
.14 
.27 
.09 
. 2 2  
-.37 
-.15 
-.17 
-.72* 
.53 
. 84''^ * 
.30 
- . 2 6  
.20 
-, 86** 
..49** 
. .94** 
.34* 
. 4o** 
.05 
. 2 2  
.01 
.14 
- . 2 6  
. 66* 
. .16 
-.77 
. .04 
.38 
. 54** 
.90** 
-.51 
.96** 
•.15 
.17 
.13 
.26 
-.04 
-.33 
—. 62 
.70* 
.11 
.67* 
.13 
.33 
.02 
.32 
.13 
.18 
. 0 2  
-.59 
.06 
-.25 
.23 
.56 
— a 01 
.21 
.33 
-.00 
.16 
. 66* 
-.15 
-.24 
.07 
.45 
.00 
.35* 
. 0 0  
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A general relationship was also observed for plant height, 
plant width, and growth habit. Taller progenies tended to 
be more upright in growth habit, whereas progenies with 
greater plant widths were prostrate in growth habit. Most 
of the other pairs of characters were not correlated 
significantly. 
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DISCUSSION 
General cross-fertility of the Vernal alfalfa popula­
tions used in my study was significantly higher than self-
fertility when seeds per flower or seeds per pod was used as 
indices. On the average, the ratio between cross-fertility 
and self-fertility was 1.4:1.0 using these two indices. 
Differences in cross- and self-fertility in my study were not 
as great as those reported by Piper et al. (191^). Cooper and 
Brink (19^) and Miller and Schonhorst (I968). The first two 
sets of workers reported cross-pollination resulted in three 
to five times as many seeds as did self-pollination. The 
latter workers found a ratio between cross- and self-
compatibility of 4.1:1.0 using seed set percentage per crossed 
or selfed flower. The relatively small differences between 
cross- and self-fertility obtained in my study were due probably 
to the plant materials used to assay fertility. The plants 
I selected represented the highest self-fertility clones in 
each cycle of selection. Although cross-fertility was con­
sistently higher than self-fertility, the ratio between cross-
and self-fertilities decreased as the cycle of selection ad­
vanced. Morever, average self-fertility of the third cycle 
parental clones nearly equalled the average cross-fertility. 
These results could be explained on the basis of accumulation 
of genes favorable for high self-fertility via the pheno-
typic recurrent selection. 
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Cooper et al. (1937) in a study of the effects of self-
pollination on fertility concluded that the failure of 
tripped flowers to set seed was due to: (1) failure of pollen 
tubes to reach all ovules ; (2) lack of fertilization even 
though pollen tubes were present; and (3) embryo abortion. 
Cooper and Brink (1940) found crossing raised the proportion 
of ovules becoming fertile from 15 to 66 percent, and reduced 
the abortion of fertile ovules from 3^ to 7 percent. The 
higher ovule fertility resulted from more extensive growth 
of the pollen tubes within the cavity of the ovary and in­
creased tendency for the pollen tubes to enter the micropyles 
and accomplish fertilization. They reported 98 percent of the 
difference between the potential and actual fertility follow­
ing: self-pollination, and 67 percent following cross-pollina­
tion were caused by the lack of fertilization and the collapse 
of fertile ovules, which they termed "partial self-incompati­
bility and post-fertilization ovule abortion." Their deter­
minations were made upon plants, but it would be desirable 
to determine the percent fertile and aborted ovules for highly 
selected self-fertile clones. 
Sayers and Murphy (I966) found the frequency of fertili­
zation and incidence of ovule abortion were the primary factors 
controlling the differential between self- and cross-fertility. 
The frequency with which fertilization occurred after both 
selflng and crossing appeared to be controlled by the number 
of pollen tubes that gained entry into the ovaries, by the 
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depth of pollen tube penetration and by the frequency with 
which pollen tubes entered thA ovules. The number of pollen 
tubes entering an ovary was controlled in turn by the recep­
tivity of the stigma to penetration by the pollen tubes. 
Abortion of fertilized ovules was not necessarily an effect 
of inbreeding, since a high degree of abortion also occurred 
in some clones after crossing. This indicates the collapse 
of fertilized ovules and the resulting loss of fertility may 
be a manifestation of incompatibility system, per se, in 
alfalfa. 
Environmental factors may greatly influence the magnitude 
of self-fertility as determined by artificial tripping. 
Studies on the effect of season of the year on self-fertility 
in the greenhouse have yielded conflicting results. Wilsle 
and Skory (1948) observed no differences in self-fertility 
among four 2-week periods during February and March. Davis 
and Gartner (I966) and Miller and Schonhorst (1968b), on the 
other hand, found self-fertility measurements varied signifi­
cantly among selfing dates. Self-fertility was highest during 
the first weeks of flowering but considerable variation 
occurred among plants in later weeks. My study showed that 
mean differences in self-fertility of plants tested under 
greenhouse conditions during four 1-week periods were small and 
not significant. However, under field conditions, self-
fertility varied significantly among days within a month. 
Probably, environmental conditions are more favorable for 
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self-pollination in the greenhouse than in the field. The 
lower self-fertility under field conditions suggests that a 
highly sensitive physiological balance is essential for high 
self-fertility and that many plants having a fairly high 
genetic self-fertility may behave as rather self-sterile under 
natural conditions. 
Wide differences in self-fertility among parental clones 
and their progenies were evident in ray study, due, no doubt, 
to differences in the genotypes of the clones. Definite pro­
gress was made in increasing self-fertility in alfalfa by 
phenotypic recurrent selection. The third space-planted 
experiment (Experiment 3) provided a valid estimate of pro­
gress. Mean seeds per flower for parental clones of the first, 
second and third cycles averaged 70» 128, and l6l percent, 
respectively, of the mean of the unselected Vernal. Seeds 
per pod which is highly correlated (r = 0.81) with seeds per 
flower, was also significantly increased during selection 
for high seeds per flower. Although cycle means for percent­
ages of flowers forming pods were increased, improvements were 
small and not significant. My data indicate that further im­
provement in self-fertility with respect to seeds per flower 
and seeds per pod should be possible since high variability 
among the progenies remained after three cycles of 
selection. 
The general increase in mean self-fertility with each 
successive cycle of selection probably resulted from 
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progressive increase in the frequency of genes controlling 
high self-fertility. Greatest increase in self-fertility was 
obtained from cycle 1 to cycle 2 with a somewhat smaller in­
crease from cycle 2 to cycle 3. Presumably, gene frequency 
was increased from a very low to an intermediate level be­
tween cycles 1 and 2 and between cycles 2 and 3 the gene fre­
quency was shifted from an intermediate to a relatively high 
level. Another possible explanation for the increase in mean 
self-fertility would be that more normal meiosis occurred as 
a result of repeated selection, with increased genetic recom­
bination and the release of genetic variability. 
The agronomic traits I measured were not changed by se­
lection for high self-fertility. There were no significant 
differences between the mean performance of the cycle 2 popu­
lation and Vernal for any agronomic traits except natural seed 
production. The significant increase in natural seed produc­
tion was considered to be due primarily to the increase in 
self-fertility that resulted from the phenotyplc recurrent 
selection. 
In the light of the results of my study, self-fertility 
may be a desirable trait, especially if high seed setting is 
the goal. Because of the many factors contributing to the 
reproductive advantage of cross-pollination, high genetic 
self-fertility Is unlikely to affect the level of hetero­
zygosity in a normal alfalfa population. The increase in 
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self-fertility coupled with lack of undesirable changes 
in agronomic traits certainly indicate the possibility for 
developing alfalfa lines with good agronomic traits and 
moderately high self-fertility. 
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SUMMARY AND CONCLUSIONS 
I measured the effectiveness of recurrent selection for 
high self-fertility in Vernal alfalfa variety and determined 
the effects of the selection on other agronomic traits. Three 
populations, each representing one cycle of phenotyplc re­
current selection for high self-fertility (seeds per flower), 
were evaluated for self-fertility using as Indices, seeds per 
flower, seeds per pod, and percentage of flowers forming pods. 
Progress from selection was measured via clones selected for 
high self-fertility and progenies from the dlallel inter­
crossing of the selected clones. Agronomic traits were meas­
ured on populations from the first two cycles only. 
Great differences in self-fertility, measured as seeds 
per flower and seeds per pod, but not as percentages of 
flowers forming pods, were observed among the parental clones 
and among the progenies, due, no doubt, to differences in 
the genotypes of the clones. No significant differences were 
observed among reciprocal crosses for any self-fertility 
index or for any agronomic trait. Dlallel analyses generally 
indicated that both general and specific combining ability 
effects were highly significant for all agronomic traits in­
dicating the importance of both additive and non-additive gene 
action. 
Means of self-fertility measurements from several selfing 
dates under greenhouse conditions did not vary significantly. 
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In contrast, self-fertility means measured on different days 
under field conditions did vary significantly. In addition, 
self-fertilities of clones tested under greenhouse conditions 
were significantly higher than when tested under field con­
ditions. Likely, the genes controlling self-fertility are in­
fluenced by environment, and the lower magnitudes of self-
fertility under field conditions suggest a highly sensitive 
physiological balance is essential for high self-fertility. 
I made very good progress in increasing self-fertility of 
alfalfa through phenotypic recurrent selection. The increases 
in seeds per flower and seeds per pod were highly significant 
for each selection cycle. The gain per cycle for seeds per 
flower and seeds per pod were 0.83 and O.85. respectively, when 
measured via the selected clones. Using the third-cycle 
progenies as the basis of measurement, seeds per flower and 
seeds per pod were increased 73 and 47 percent, respectively, 
in 3 cycles of selection. My diallel analyses indicated that 
gain in seeds per flower and seeds per pod from the first cycle 
of selection was due to additive gene action, whereas gains 
in cycles 2 and 3 were due to non-additive gene action. In­
crease in mean self-fertility may have resulted from a change 
in gene frequency or possibly from recombination. The amount 
of variability among the progenies from the third cycle of 
selection appeared to be great enough to allow further advance 
in increasing self-fertility via additional cycles of recur­
rent selection. 
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Selecting for high self-fertility caused no measurable 
shifts In performance of agronomic traits except natural seed 
production. Increased natural seed production was due 
probably to Increased self-fertility. 
The Increase In self-fertility coupled with lack of 
changes in agronomic traits indicate that one could produce 
a highly self-fertile alfalfa variety with good agronomic 
performance. High self-fertility in alfalfa may be desirable 
especially if high seed setting is the goal. Because many 
factors contribute to the reproductive advantage of cross-
pollination, genetic self-fertility Is unlikely to affect 
the level of heterozygosity in a normal alfalfa population. 
Also high self-fertility would enable the production nf 
highly inbred lines with good agronomic traits. 
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Table 22. Self- and cross-fertility indices of the first cycle population, 
winter 1966-67 
Total Fertility index 
Parent f lowers Total Total % f lowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross ' crossed set set flower pod pods 
Parents 
179 662 576 2106 3.18 3.66 87.01 
183 392 258 534 1.36 2.07 65.82 
1317 367 294 1092 2.98 3.71 80.12 
17-1 571 449 1777 3.11 3.96 78.63 
40-3 775 608 2438 3.14 4.01 78.45 
46-1 607 458 1650 2.72 3.60 75.45 
51-5 573 470 1659 2.90 3.53 82.02 
61-2 440 372 993 2.26 2.67 84.54 
69-8 424 312 1057 2.49 3.39 73.58 
72-3 166 138 509 3.07 3.69 83.13 
Mean 2.72 3.43 78.88 
Crosses 
179 X 183 80 62 412 5.15 6.64 77.50 
183 X 179 88 77 424 4.82 5.51 87.50 
179 X 1317 87 73 521 6.00 7.14 83.91 
1317 X 179 93 71 565 6.07 7.96 76.34 
179 X 17-1 70 53 374 5.34 7.06 75.71 
17-1 X 179 79 47 289 3.66 6.15 59.49 
179 X 40-3 50 40 273 5.46 6.82 80.00 
40-3 X 179 83 72 428 5.16 5.94 86.75 
179 X 46-1 75 54 339 4.52 6.28 72.00 
46-1 X 179 89 71 412 4.63 5.80 79.78 
179 X 51-5 59 41 323 5.47 7.88 69.49 
51-5 X 179 99 71 416 4.20 5.86 71.22 
179 X 61-2 53 35 192 3.62 5.48 66.04 
61-2 X 179 76 54 311 4.09 5.76 71.05 
179 X 69-8 67 42 251 3.75 5.98 62.69 
69-8 X 179 50 34 193 3.86 5.68 68.00 
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Table 22 (continued) 
Total Fertility index 
Parent flowers Total Total % flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set flower pod pods 
179 X 72-3 73 63 415 5.68 6.59 86.30 
72-3 X 179 55 31 219 3.98 7,06 56.36 
183 X 1317 67 55 310 4.63 5.64 82.09 
1317 X 183 64 47 303 4.73 6.45 73.44 
183 X 17-1 144 120 584 4.06 4.87 83.33 
17-1 3i : 183 102 70 455 4.46 6.50 68.62 
183 X 40-3 152 126 513 3.38 4.07 82.89 
40-3 X : 183 161 132 682 4.24 5.17 81.99 
183 X 46-1 139 134 774 5.57 5.78 96.40 
46-1 X : 183 123 105 659 5.36 6.28 85.36 
183 X 51-5 154 129 664 4.31 5.15 83.77 
51-5 X 183 170 143 586 3.45 4.10 84.12 
183 X 61-2 127 97 437 3.44 4.50 76.38 
61-2 X 183 109 84 541 5.96 6.44 77.06 
183 X 69-8 59 56 248 4.20 4.43 94.91 
69-8 X 183 54 45 267 4.94 5.93 83.33 
183 X 72-3 73 67 446 6.11 6.66 91.78 
72-3 X 183 73 56 370 5.07 6.61 76.71 
1317 X 17-1 86 68 549 6.38 8.07 79.07 
17-1 X 1317 94 56 525 5.58 7.00 79.79 
1317 X 40-3 61 45 358 5.87 7.96 73.77 
40-3 X 1317 81 61 311 3.84 5.10 75.31 
1317 X 46-1 60 45 398 6.63 8.84 75.00 
46-1 X 1317 74 63 412 5.57 6.54 85.14 
1317 X 51-5 82 71 576 7.02 8.11 86.58 
51-5 X 1317 93 58 365 3.92 6.29 62.36 
1317 X 61-2 62 48 330 5.32 6.88 77.42 
61-2 X 1317 89 71 343 3.85 4.83 79.78 
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Table 22 (continued) 
Total Fertility index 
Parent flowers Total Total 'o flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set flower pod pods 
1317 X 69-8 49 40 309 6.31 7.72 81.63 
69-8 X 1317 67 51 335 5.00 6.57 76.12 
1317 X 72-3 97 76 671 6.92 8.83 78.35 
72-3 X 1317 86 65 458 5.32 7.05 75.58 
17-1 X 40-3 59 44 293 4.97 6.66 74.58 
40-3 X 17-1 52 42 167 3.21 3.98 80.77 
17-1 X 46-1 69 55 372 5.39 6.76 79.71 
46-1 X 17-1 73 62 391 5.36 6.31 84.93 
17-1 X 51-5 99 67 376 3.80 5.61 67.68 
51-5 X 17-1 106 67 412 3.89 6.15 63.21 
17-1 X 61-2 103 72 353 3.43 4.90 69.90 
61-2 X 17-1 117 93 549 4.69 5.90 79.49 
17-1 X 69-8 67 38 215 3.21 5.66 56.72 
69-8 X 17-1 68 46 238 3.50 5.17 67.65 
17-1 X 72-3 78 60 409 5.24 6.82 76.92 
72-3 X 17-1 64 58 314 3.74 5.41 69.05 
40-3 X 46-1 57 56 364 6.38 6.50 98.24 
46-1 X 40-3 61 48 293 4.80 6.10 78.69 
40-3 X 51-5 51 46 262 5.15 5.70 90.20 
51-5 X 40-3 62 39 249 4.02 6.38 62.90 
40-3 X 61-2 49 40 244 4.98 6.10 81.63 
61-2 X 40-3 48 40 239 4.98 5.98 83.33 
40-3 X 69-8 68 60 302 4.44 5.03 88.24 
69-8 X 40-3 85 68 370 4.35 5.44 80.00 
40-3 X 72-3 58 48 306 5.28 6.38 82.76 
72-3 X 40-3 80 60 361 4.51 6.02 75.00 
46-1 X 51-5 74 53 322 4.35 6.08 71.62 
51-5 X 46-1 74 53 295 3.99 5.57 71.62 
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Table 22 (continued) 
Total Fertility index 
Parent flowers Total Total % flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set f1ower pod pods 
46-1 X  61-2 64 43 223 3.48 5.19 67.19 
61-2 X  46-1 74 59 369 4.99 6.25 79.73 
46-1 X  69-8 65 51 270 4.15 5.29 78.46 
69-8 X  46-1 61 52 357 5.85 6.86 85.24 
46-1 X  72-3 146 116 678 4.64 5.84 79,45 
72-3 X  46-1 100 77 453 4.53 5.88 77.00 
51-5 X  61-2 73 44 204 2.79 4.64 60.27 
61-2 X  51-5 90 74 426 4.73 5.76 82.22 
51-5 X  69-8 111 82 526 4.74 6.41 73.87 
69-8 X  51-5 100 72 439 4.39 6.10 72.00 
51-5 X  72-3 71 44 292 4.11 6.64 61.97 
72-3 X  51-5 49 40 240 4.90 6.00 81.63 
61-2 X  69-8 155 126 703 4.54 5.58 81.29 
69-8 X  61-2 123 93 508 4.13 5.46 75.61 
61-2 X  72-3 184 151 939 5.10 6.22 82.06 
72-3 X  61-2 130 97 545 4.19 5.62 74.62 
69-8 X  72-3 126 90 554 4.40 6.16 71.43 
72-3 X  69-8 128 86 502 3.92 5.84 67.19 
Mean 4.70 6.11 76.94 
Grand mean 4.50 5.85 77.13 
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Table 23. Self- and cross-fertility indices of the second cycle population, 
winter 1967-68 
Total Fertility index 
Parent flowers Total Total % flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set flower pod pods 
Parents 
110-3 507 473 2347 4.63 4.96 93.23 
127-5 508 470 2648 5.21 5.63 92.52 
130-4 593 562 2661 4.49 4.73 94.77 
143-5 581 506 2324 4.00 4.59 87.09 
146-1 423 372 3499 5.56 9.40 87.94 
156-3 499 442 2139 4.29 4.84 88.58 
182-1 507 446 2000 3.94 4.48 87.97 
186-2 492 478 2383 4.84 4.98 97.15 
189-3 432 400 1998 4.62 4.99 92.59 
192-2 395 375 2317 5.86 6.18 94.94 
Mean 4.74 5.48 91.96 
Crosses 
110-3 X 127-5 56 52 361 6.45 6.94 92.86 
127-5 X 110-3 52 51 391 7.52 7.67 98.08 
110-3 X 130-4 52 49 352 6.77 7.18 94.23 
130-4 X 110-3 48 46 295 6.14 6.41 95.83 
110-3 X 143-5 58 50 332 5.72 6.64 86.21 
143-5 X 110-3 54 41 275 5.09 6.71 75.92 
110-3 X 146-1 48 46 326 6.79 7.09 95.83 
146-1 X 110-3 54 49 485 8.98 9.90 90.74 
110-3 X 156-3 42 40 251 5.98 7.28 95.24 
156-3 X 110-3 73 62 448 6.14 7.22 84.93 
110-3 X 182-1 55 48 325 5.91 6.77 87.27 
182-1 X  110-3 32 28 182 5.69 6.50 87.50 
110-3 X  186-2 49 43 318 6.49 7.40 87.76 
186-2 X  110-3 26 26 167 6.42 6.42 100.00 
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Table 23 (continued) 
Total Fertility index 
Parent flowers Total Total % flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set flower pod pods 
110-3 X  189-3 43 41 278 6.46 6.78 93.35 
189-3 X  110-3 29 28 217 7.48 7.75 96.55 
110-3 X  192-2 52 50 367 7.06 7.34 96.15 
192-2 X  110-3 30 29 236 7.87 8.14 96.67 
127-5 X  130-4 48 47 346 7.21 7.36 97.92 
130-4 X  127-5 32 31 264 8.25 8.52 96.88 
127-5 X  143-5 70 69 516 7.27 7.48 97.18 
143-5 X  127-5 47 47 358 7.62 7.62 100.00 
127-5 X  146-1 58 51 406 7.00 7.96 87.93 
146-1 X  127-5 55 55 594 10.80 10.80 100.00 
127-5 X  156-3 47 47 361 7.68 7.68 100.00 
156-3 X  127-5 31 31 218 7.03 7.03 100.00 
127-5 X  182-1 49 45 350 7.14 7.78 91.84 
182-1 X  127-5 42 40 224 5.33 5.60 95.24 
127-5 X  186-2 51 50 360 7.06 7.20 98.04 
186-2 X  127-5 33 33 217 6.58 6.58 100.00 
127-5 X  189-3 40 40 260 6.50 6.50 100.00 
189-3 X  127-5 28 26 183 6.54 7.04 92,86 
127-5 X  192-2 66 65 521 7.89 8.02 98.48 
192-2 X  127-5 52 49 386 7.42 7.88 94.23 
130-4 X  143-5 43 42 153 3.56 3.64 97.67 
143-5 X  130-4 51 48 339 6.65 7.06 94.12 
130-4 X  146-1 51 51 320 6.27 6.27 100.00 
146-1 X  130-4 22 22 223 10.24 10.24 100.00 
130-4 X  156-3 53 47 367 6.92 7.81 88.68 
156-3 X  130-4 30 30 189 6.30 6.30 100.00 
130-4 X  182-1 53 46 334 6.30 7.26 86.79 
182-1 X  130-4 42 41 253 6.02 6.17 97.62 
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Table 23 (continued) 
Total Fertility index 
Parent flowers Total Total 7o flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set flower pod pods 
130-4 X 186-2 47 47 345 7.34 7.34 100.00 
186-2 X 130-4 19 19 144 7.58 7.58 100.00 
130-4 X 189-3 57 48 326 5.72 6.79 84.21 
189-3 X 130-4 32 21 160 5.00 7.62 65.62 
130-4 X 192-2 50 49 370 7.40 7.55 98.00 
192-2 X  130-4 32 32 277 8.65 8.65 100.00 
143-5 X  146-1 57 55 383 6.72 6.96 96.49 
146-1 X  143-5 61 48 441 7.23 9.19 78.69 
143-5 X  156-3 24 23 162 6.75 7.04 95.83 
156-3 X  143-5 6 5 33 5.50 6.60 83.33 
143-5 X  182-1 71 57 266 3.75 4.67 80.28 
182-1 X  143-5 65 63 349 5.37 7.78 96.92 
143-5 X  186-2 49 43 311 6.35 7.23 87.76 
186-2 X  143-5 56 56 353 6.30 6.30 100.00 
143-5 X  189-3 65 60 399 6.14 6.65 92.31 
189-3 X  143-5 33 33 285 8.64 8.64 100.00 
143-5 X  192-2 57 53 384 6.74 7.24 92.98 
192-2 X  143-5 27 23 212 7.85 9.22 85.18 
146-1 X  156-3 56 52 536 9.57 10.31 92.86 
156-3 X  146-1 57 57 383 6.72 6.72 100.00 
146-1 X  182-1 50 41 387 7.74 9.44 82.00 
182-1 X  146-1 49 46 284 5.79 6.17 93.88 
146-1 X  186-2 49 46 502 10.24 10.91 93.88 
186-2 X  146-1 67 66 510 7.61 7.73 86.84 
146-1 X  189-3 48 40 395 8.23 9.88 83.33 
189-3 X  146-1 6 3 17 2.83 5.66 50.00 
146-1 X  192-2 41 33 303 7.39 9.18 80.49 
192-2 X  146-1 46 44 336 7.30 7.30 95.65 
156-3 X  182-1 56 55 307 5.48 5.58 98.21 
182-1 X  156-3 53 50 265 5.00 5.30 94.34 
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Table 23 (continued) 
Total Fertility index 
Parent flowers Total Total 7 o  flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
cross crossed set set flower pod pods 
156-3 X  186-2 39 39 225 5.77 5.77 100.00 
186-2 X  156-3 40 40 244 6.10 6.10 100.00 
156-3 X  189-3 61 60 343 5.62 5.72 98.36 
189-3 X  156-3 47 37 194 4.13 5.24 78.72 
156-3 X  192-2 67 62 380 5.67 6.13 92.54 
192-2 X  156-3 74 69 484 6.54 7.01 93.24 
182-1 X  186-2 54 48 277 5.13 5.77 88.89 
186-2 X  182-1 38 36 210 5.53 5.83 94.74 
182-1 X  189-3 80 71 333 4.16 4.69 88.75 
189-3 X  182-1 33 29 186 5.64 6.41 87.87 
182-1 X  192-2 71 67 386 5.44 5.76 94.37 
192-2 X  182-1 45 43 328 7.29 7.29 95.56 
186-2 X  189-3 47 47 305 6.49 6.49 100.00 
189-3 X  186-2 34 29 160 4.71 5.52 85.29 
186-2 X  192-2 59 58 394 6.68 6.79 98.30 
192-2 X  186-2 42 39 269 6.40 6.40 92.86 
189-3 X  192-2 38 37 249 6,55 6.73 97.37 
192-2 X  189-3 15 15 118 7.87 7.87 100.00 
Mean 6.64 7.16 92.74 
Grand mean 6.46 6.99 92.63 
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Table 24. Self- and cross-fertility indices of the third cycle popula­
tion, winter 1968-69 
Parent 
or 
Cross 
Total 
flowers Total Total 
selfed or pods seeds 
crossed set set 
Fertility index 
Seeds/ 
flower 
Seeds/ 
set 
% flowers 
forming 
pods 
Parents 
248-7 112 109 733 6.54 6.72 97.32 
255-10 127 110 614 4.83 5.58 86.61 
202-8 132 116 551 4.17 4.75 87.88 
254-3 137 132 784 5.72 5.94 96.35 
226-4 155 136 895 5.77 6.58 87.74 
236-6 153 144 611 3.99 4.24 94.12 
229-4 154 138 743 4.82 5.38 89.61 
210-1 76 53 361 4.75 6.81 69.74 
205-6 139 128 813 5.85 6.35 92.09 
233-3 112 110 650 5.80 5.91 98.21 
Mean 5.22 5.83 89.97 
Crosses 
248-7 X 255-10 50 46 406 
255-10 X 248-7 50 42 396 
8 . 1 2  
7.92 
8 . 8 2  
9.43 
92.00 
84.00 
248-7 X 202-8 50 45 311 
202-8 X 248-7 50 44 278 
6 . 2 2  
5.56 
6.91 
6.32 
90,00 
88.00 
248-7 X 254-3 45 41 322 
254-3 X 248-7 45 37 258 
7.16 
5.73 
7.85 
6.97 
91.11 
8 2 . 2 2  
248-7 X 226-4 50 48 302 
226-4 X 248-7 50 49 421 
6.04 
8.42 
6.29 
8.59 
96.00 
98.00 
248-7 X 236-6 51 49 396 
236-6 X 248-7 55 50 312 
7.76 
5.67 
8.08 
6.24 
96.08 
90.91 
248-7 X 229-4 52 41 277 
229-4 X 248-7 50 42 285 
5.33 
5.70 
6.75 
6.78 
87.85 
84.00 
248-
210. 
7 X 210-1 
1 X 248-7 
52 
52 
49 
45 
320 
329 
6.13 
6.33 
6,53 
7.31 
94.23 
86.54 
248-7 X 205-6 52 40 291 
205-6 X 248-7 42 26 185 
5.60 
4.40 
7,28 
7.12 
76.92 
61.90 
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Table 24. (Continued) 
Total Fertility index 
Parent flowers Total Total 7o flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
Cross crossed set set flower pod pods 
248-7 X 233-3 50 46 353 7.06 7.67 92.00 
233-3 X 248-7 53 50 341 6.43 6.82 94.34 
255-10 X 202-8 52 41 330 6.35 8.05 78.85 
202-8 X 255-10 54 46 252 4.67 5.48 85.18 
255-10 X 254-3 52 45 414 7.96 9.20 86.54 
254-3 X 255-10 49 38 304 6.20 8.00 77.55 
255-10 X 226-4 50 45 427 8.54 9,49 90.00 
226-4 X 255-10 50 48 382 7.64 7,96 96.00 
255-10 X 236-6 50 39 311 6.22 7,97 78.00 
236-6 X 255-10 50 45 269 5.38 5,98 90.00 
255-10 X 229-4 51 46 300 5.88 6.52 90.20 
229-4 X 255-10 49 47 295 6.02 6.02 95.92 
255-10 X 210-1 50 42 403 8.06 9.60 92.00 
210-1 X 255-10 50 47 304 6.08 6.47 94.00 
255-10 X 205-6 52 46 374 7.19 8.13 88.46 
205-6 X 255-10 44 37 262 5.9: 7.08 84.09 
255-10 X 233-3 54 51 393 7.28 7.70 94.44 
233-3 X 255-10 51 49 386 7.57 7.88 96.07 
202-8 X 254-3 49 45 279 5.69 6.20 91.84 
254-3 X 202-8 56 52 363 6.48 6.98 92,86 
202-8 X 226-4 50 42 195 3.90 4.64 84.00 
226-4 X 202-8 51 50 336 6.59 6.72 98.04 
202-8 X 236-6 50 44 189 3.78 4.30 88,00 
236-6 X 202-8 50 44 254 5.08 5.77 88,00 
202-8 X 229-4 50 33 135 2.70 4.09 66.00 
229-4 X 202-8 50 46 271 5.42 5.89 92.00 
202-8 X 210-1 50 48 249 3.98 5.19 96.00 
210-1 X 202-8 50 46 342 6.84 7.43 92.00 
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Table 24. (Continued) 
Total Fertility index 
Parent flowers Total Total % flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
Cross crosses set set flower pod pods 
202-8 X  205-6 50 43 236 4.72 5.49 86.00 
205-6 X  202-8 50 46 383 7.66 8.33 92.00 
202-8 X  233-3 51 50 292 5.72 5.84 98.04 
233-3 X  202-8 49 44 314 6.41 7.14 89.80 
254-3 X  226-4 50 47 313 6.26 6.66 94.00 
226-4 X  254-3 50 48 380 7.60 7.92 95.00 
254-3 X  236-6 51 46 259 5.08 5.63 90.20 
236-6 X  254-3 53 52 299 5.64 5.75 98.11 
254-3 X  229-4 49 44 282 5.76 6.41 89.80 
229-4 X  254-3 40 40 247 6.18 6.18 100.00 
254-3 X  210-1 52 48 366 7.04 7.62 92.31 
210-1 X  254-3 52 43 283 5.44 6.58 82.69 
254-3 X  205-6 51 48 357 7.00 7.43 94.12 
205-6 X  254-3 52 41 307 5.90 7.49 78.85 
254-3 X  233-3 52 48 343 6.60 7.14 92,31 
233-3 X  254-3 55 46 281 5.11 6.11 83.64 
226-4 X  236-6 83 75 526 6.34 7.01 90.36 
236-6 X  226-4 68 59 319 4.69 5.41 86.76 
226-4 X  229-4 51 45 340 6.67 7.56 88.24 
229-4 X  226-4 53 43 241 4.55 5.60 81.13 
226-4 X  210-1 53 50 378 7.13 7.56 94.34 
210-1 X  226-4 51 37 230 4.51 6.22 72.55 
226-4 X  205-6 55 50 325 5.91 6.50 90.91 
205-6 X  226-4 53 36 217 4.09 6.03 67.92 
226-4 X  233-3 56 51 425 7.59 8.33 91.07 
233-3 X  226-4 55 45 316 5.74 7.02 81.82 
236-6 X  229-4 56 34 148 2.64 4.35 90.71 
229-4 X  236-6 55 50 253 4.60 5.06 90.91 
107 
Table 24. (Continued) 
Total Fertility index 
Parent flowers Total Total % flowers 
or selfed or pods seeds Seeds/ Seeds/ forming 
Cross crosses set set flower pod pods 
236-6 X 210-1 52 46 276 5.31 6.00 88.46 
210-1 X 236-6 51 40 231 4.53 5.78 78.43 
236-6 X 205-6 50 46 324 6.48 7.04 92.00 
205-6 X 236-6 46 41 362 7.87 8.83 89.13 
236-6 X 233-3 56 54 359 6.41 6.65 96.43 
233-3 X  236-6 50 44 230 4.60 5.23 88.00 
229-4 X  210-1 54 37 179 3.31 4.84 68.52 
210-1 X  229-4 51 42 239 4.69 5.69 82.35 
229-4 X  205-6 51 40 247 4.84 6.18 78.43 
205-6 X  229-4 50 39 281 5.62 7.20 78.00 
229-4 X  233-3 53 47 263 4,96 5.60 88.68 
233-3 X  229-4 51 49 286 5.61 5.84 96.08 
210-1 X  205-6 44 38 254 5.77 6.68 86.36 
205-6 X  210-1 49 37 310 6.33 8.38 75.51 
210-1 X  233-3 43 37 255 5.93 6.89 86.05 
233-3 X  210-1 60 56 410 6.83 7.32 93.33 
205-6 X  233-3 78 67 519 6.65 7.75 85.90 
233-3 X  205-6 32 28 182 5.69 6.50 87.50 
Mean 5.97 6.81 87.52 
Grand mean 5.91 6.72 87.77 
133 
134 
153 
154 
175 
176 
199 
100 
Me ai 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
113 
114 
115 
116 
117 
118 
108 
Self-fertility indices of the parental clones and their 
progenies measured in Experiment 1, 1967 
Fertility index 
Total Total Total % flowers 
flowers pods seeds Seeds/ Seeds/ forming 
selfed set set flower pod pods 
Parents 
241 159 490 1.72 2.74 61.38 
249 163 489 1.45 2.10 55.14 
256 162 383 1.49 2.23 65.42 
219 149 508 2.12 3.13 70.04 
255 145 397 1.39 2.34 57.51 
238 174 581 2.24 3.35 67.87 
250 178 604 2.12 3.15 64.66 
220 131 361 1.56 2.63 58.54 
229 148 418 1.74 2.66 64.03 
253 189 550 1.99 2.62 70.52 
1.78 2.70 63.51 
F^ progenies 
251 
230 
108 
94 
194 
201 
0.77 
0.79 
1.91 
1.76 
40.95 
38.55 
234 
216 
145 
123 
310 
269 
1.24 
1.27 
1.90 
2.15 
63.00 
57.00 
220 
244 
95 
65 
310 
517 
1.48 
1.87 
1.48 
2 . 8 0  
60.00 
64.01 
260 
232 
125 
109 
250 
286 
0.84 
0.97 
1.91 
1.79 
42.92 
50.30 
236 
232 
149 
163 
366 
503 
1.43 
2 . 0 1  
2.27 
2.55 
59.04 
64.04 
222  
242 
144 
146 
333 
326 
1.24 
1.54 
1 . 6 8  
2.23 
55.03 
51.52 
249 
237 
98 
130 
185 
243 
0.56 
1.24 
1.30 
1.69 
33.96 
58.05 
247 
241 
166 
148 
387 
299 
1 . 6 1  
1.23 
2.41 
2 . 1 1  
64.91 
59.57 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
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(Continued) 
Fertility index 
Total Total Total % flowers 
flowers pods seeds Seeds/ Seeds/ forming 
selfed set set flower pod pods 
227 130 285 
230 98 284 
222 139 457 
249 158 559 
245 161 532 
234 142 482 
227 91 247 
238 108 139 
243 161 671 
245 160 490 
222 141 446 
246 190 644 
247 136 368 
237 169 484 
243 146 364 
227 141 484 
240 156 406 
229 132 455 
248 112 329 
239 159 460 
263 183 580 
233 144 356 
205 143 490 
242 139 420 
263 167 419 
277 181 515 
241 155 320 
222 146 393 
1.05 1.76 49.11 
1.00 1.70 35.31 
1.99 2.88 55.17 
1.87 2.65 56.64 
1.65 2.43 54.46 
1.68 3,10 47.55 
1.25 2.83 40.42 
0.56 1.24 38.51 
2.52 3.71 62.64 
1.64 2.54 56.20 
1.60 2.46 55.77 
2.40 3.09 77.49 
1.19 2.02 38.14 
1.95 2.68 71.43 
1.33 2.50 49.90 
1.82 2.59 57.36 
1.47 2.27 61.32 
2.02 3.07 60.60 
0.99 2.05 36.88 
1.64 2.47 62.75 
1.90 2.50 60.07 
1.22 1.84 52.75 
2.52 3.24 71.80 
1.34 2.50 47.05 
1.89 2.25 66.35 
2.11 3.03 67.45 
1.07 1.47 57.32 
1.80 2.75 65,49 
151 
152 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
177 
178 
179 
180 
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(Continued) 
Fertility index 
Total Total Total °L flowers 
flowers pods seeds Seeds/ Seeds/ forming 
selfed set set flower pod pods 
232 129 255 
220 107 226 
252 174 551 
214 105 339 
242 125 307 
244 144 489 
223 163 530 
212 121 279 
235 153 410 
297 187 689 
233 103 237 
213 114 317 
231 90 229 
250 142 388 
274 155 287 
261 192 711 
234 137 325 
223 105 267 
254 165 497 
265 195 581 
242 142 325 
273 136 315 
248 192 573 
222 152 364 
250 162 443 
229 143 42 7 
222 155 534 
257 149 414 
0.91 1.60 53.21 
0.92 2.26 48.39 
1.75 2.96 61.17 
1.42 2.55 41.67 
0.96 1.78 46.58 
1.64 2.45 55.60 
2.32 3.23 71.64 
1.37 1.91 53.85 
1.63 2.62 61.49 
2.06 3.21 61.65 
0.93 2.25 40.82 
1.38 2.30 50.83 
0.79 1.48 32.28 
1.81 2.86 60.90 
1.24 2.01 56.22 
2.21 3.01 67.94 
1.19 1.83 55.05 
0.84 1.50 40.11 
1.69 2.76 59.47 
2.08 2.91 70.77 
1.37 2.43 56.71 
0.88 1.79 43.57 
2.12 2.74 73.81 
1.45 2.24 63.64 
1.66 2.65 59.65 
1.47 2.16 48.65 
2.43 3.38 71.67 
1.20 1.91 52.79 
Ill 
Table 25. (Continued) 
Entry 
no. 
Total 
flowers 
selfed 
Total 
pods 
set 
Total 
seeds 
set 
Fertility index 
Seeds/ 
flower 
Seeds/ 
pod 
% flowers 
forming 
pods 
181 
182 
208 
214 
130 
144 
419 
442 
1.75 
2.14 
2.99 
3.11 
55.02 
67.23 
183 
184 
230 
241 
88 
161 
178 
441 
1.07 
1.51 
2.04 
2 . 0 6  
45.53 
57.61 
185 
186 
238 
240 
154 
161 
386 
504 
1,45 
2 . 0 6  
2.24 
2.85 
63.57 
63.97 
187 
188 
253 
269 
160 
175 
474 
416 
1 . 6 2  
1.35 
2.54 
2 . 0 8  
59.61 
60.81  
189 
190 
245 
256 
186 
153 
678 
277 
2.50 
1.04 
3.28 
1.75 
74.87 
6 0 . 1 6  
191 
192 
2 1 1  
237 
99 
137 
226 
451 
0.93 
2 .00  
2 . 1 1  
2.92 
44.69 
57.52 
193 
194 
269 
245 
189 
135 
586 
377 
2.09 
1.35 
3.09 
2.48 
67.54 
52.09 
195 
196 
274 
251 
176 
164 
502 
487 
1.64 
1.51 
2.49 
2.13 
58.52 
55.07 
197 
198 
229 
259 
121 
190 
257 
590 
1 .28  
1.78 
2.25 
2.46 
57.54 
67.02 
Mean 1.52 2.37 56.08 
Grand mean 1.54 2.40 58.82 
L.S.D. (.05) 
( . 0 1 )  
1 . 1 2  
1.48 
1.29 
1.71 
8.44 
11 .18  
201 
204 
206 
209 
215 
218 
225 
234 
242 
246 
Meai 
202 
203 
205 
207 
208 
210 
211  
212 
213 
214 
216 
217 
219 
220  
2 2 1  
222 
223 
224 
226 
227 
228 
229 
230 
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Self-fertility indices of the parental clones and their 
progenies measured in Experiment 2, 1968 
Fertility index 
Total Total Total °L flowers 
flowers pods seeds Seeds/ Seeds/ forming 
selfed set set flower pod pods 
Parents 
330 285 1297 4.04 4.70 86.10 
313 234 1030 3.29 4.31 74.54 
333 264 956 2.89 3.61 79.77 
339 279 1217 3.60 4.43 82.08 
284 236 1073 3.79 4.53 83.51 
339 252 874 2.57 3.48 75.64 
326 236 815 2.49 3.37 72.39 
361 285 1086 2.99 3.68 78.57 
336 272 1154 2.46 4.21 81.19 
346 306 1666 4.76 5.38 87.94 
3.39 4.17 80.17 
progenies 
339 264 963 2.82 3.73 77.36 
331 236 841 2.55 3.38 71.60 
327 226 998 3.02 3.85 68.42 
358 303 1100 3.05 3.58 82.83 
336 252 624 1.86 2.44 75.21 
347 253 931 2.73 3.55 73.53 
321 231 911 2.83 3.84 73.81 
320 233 888 2.75 3.68 72.27 
324 273 1068 2.29 3.90 84.17 
339 245 823 2.45 3.42 72.36 
327 194 650 2.11 3.64 59.04 
337 204 608 1.83 2.79 60.89 
351 288 1017 2.93 3.41 82.51 
334 214 547 1.62 2.39 67.75 
326 251 844 2.63 3.34 77.62 
350 224 745 2.00 2.84 63.51 
349 262 852 2.45 3.17 75.43 
364 277 1214 3.35 4.37 76.42 
353 265 1090 3.09 3.89 75.19 
350 255 685 2.00 2.65 73.73 
347 275 1065 3.09 3.90 78.87 
325 261 964 3.04 3.75 80.86 
346 283 1039 2.98 3.60 81.69 
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Table 26. (Continued) 
Entry 
no. 
Total Total Total 
flowers pods seeds 
selfed set set 
Fertility index 
Seeds/ 
flower 
Seeds/ 
pod 
°L flowers 
forming 
pods 
231 374 269 878 2.34 3.18 71.88 
232 363 257 949 2.55 3.48 70.63 
233 378 311 1212 3.13 3.82 81.88 
235 348 263 923 2.65 3.50 75.67 
236 351 288 1022 2.83 3.39 81.35 
237 375 268 916 2.48 3.41 71.88 
238 332 234 669 2.02 2.78 70.54 
239 348 256 963 2.80 3.75 73.81 
240 330 233 692 2.10 2.74 70.56 
241 344 237 648 1.90 2.70 68.97 
243 327 233 877 2.79 3.70 72.80 
244 349 270 761 2.18 2.77 78.20 
245 329 186 379 1.16 2.01 56.72 
247 358 278 845 2.26 3.04 73.18 
248 353 235 844 2.45 3.31 66.95 
249 356 257 969 2.72 3.69 72.08 
250 331 202 651 1.97 2.74 60.94 
251 340 273 783 2.33 2.90 80.35 
252 355 266 990 2.77 3.36 75.04 
253 323 220 629 1.87 2.72 66.06 
254 353 307 1373 3.87 4.44 86.73 
255 344 288 1235 3.56 4.27 83.15 
Mean 2.54 3.35 73.65 
Vernal 339 172 394 1.15 1.91 50.33 
Grand Mean 2.66 3.47 74.40 
L.S.D. (.05) 1.36 1.33 23.06 
(.01) 1.79 1.75 30.31 
307 
315 
320 
323 
339 
348 
353 
357 
364 
Meai 
319 
322 
330 
347 
356 
365 
371 
374 
377 
379 
Mean 
308 
316 
321 
336 
337 
346 
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Self-fertility indices of the three groups of parental clones, 
third cycle progenies and Vernal measured in Experiment 3, 
1969 
Fertility index 
Total Total Total % flowers 
flowers pods seeds Seeds/ Seeds/ forming 
selfed set set flower pod pods 
First cycle parents 
238 164 570 2.31 3.05 67.51 
249 200 670 2.72 3.35 80.49 
257 203 697 2.70 3.32 79.26 
252 201 522 2.02 2.42 79.32 
246 189 502 2.02 2.61 76.89 
255 189 439 1.78 2.32 75.26 
261 225 719 2.77 3.21 85.88 
252 193 380 1.51 2.26 64.17 
249 174 538 2.15 2.66 70.19 
2.22 2.80 75.44 
Second cycle parents 
253 239 1160 4.57 4.81 94.64 
254 222 997 3.88 4.46 87.16 
257 227 848 3.22 3.57 87.17 
255 184 680 2.73 3.63 72.69 
250 199 1040 4.12 4.74 79.70 
246 223 990 4.01 4.33 90.56 
251 194 606 2.45 2.94 77.97 
247 177 739 2.96 4.20 71.67 
249 185 565 2.23 3.07 73.82 
249 220 906 3.61 4.01 88.33 
3.38 3.98 82.37 
Third cycle parents 
256 218 977 3.74 4.42 83.89 
247 175 698 2.83 3.67 70.76 
257 235 1276 4.98 5.44 91.16 
255 192 933 3.67 4.61 76.28 
248 219 944 3.71 4.16 88.10 
250 162 964 3.92 5.97 65.78 
301 
302 
303 
304 
305 
306 
309 
311 
312 
313 
314 
317 
318 
325 
326 
327 
328 
329 
332 
333 
334 
335 
338 
340 
342 
343 
345 
349 
350 
352 
354 
355 
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(Continued) 
Fertility index 
Total Total Total % flowers 
flowers pods seeds Seeds/ Seeds/ forming 
selfed set set flower pod pods 
257 200 852 
248 223 1084 
249 200 942 
248 211 1043 
Third cycle F^'s 
249 166 537 
240 196 742 
253 175 579 
249 147 543 
243 114 235 
236 176 572 
249 187 641 
252 160 602 
258 209 721 
249 165 484 
250 195 669 
252 210 961 
251 206 899 
246 179 591 
253 219 735 
255 183 577 
249 169 238 
252 179 762 
261 211 830 
249 160 494 
252 186 627 
254 177 431 
254 206 786 
246 160 652 
244 172 603 
263 221 712 
247 201 775 
256 187 846 
255 187 660 
252 163 517 
251 221 821 
243 182 600 
3.30 4.10 77.31 
4.36 4.84 90.20 
3.84 4.24 80.25 
4.20 4.87 84.89 
3.86 4.63 80.86 
2.13 2.70 66.80 
3.06 3.56 81,29 
2.20 2.93 68,69 
2.27 3.17 59,21 
1.00 1.84 46,10 
2.41 3.19 78,57 
2.58 3.30 75.78 
2.47 3.28 64.76 
2.84 3.41 81.60 
1.91 2.70 65.87 
2.82 3.24 79.07 
3.76 4.54 82,91 
3,52 4.24 82,23 
2.39 3.17 73,23 
2.93 3.33 86,53 
2,25 3.08 71.69 
0.97 1.63 60,55 
3.00 3,79 70,76 
3.23 3.71 81,23 
1.94 2,90 63,90 
2.47 3.09 73,20 
1.65 2.37 70.17 
3.10 3.57 80.89 
2.70 3.50 66.48 
2.43 2.90 69.18 
2.72 3.12 84.17 
3.14 3.93 81.14 
3.35 4.06 74.17 
2.55 3.07 72.82 
2.06 2.83 64.12 
3.29 3.67 88.26 
2.69 3.44 74.70 
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Table 27. (Continued) 
Fertility index 
Total Total Total % flowers 
Entry flowers pods seeds Seeds/ Seeds/ forming 
no. selfed set set flower pod pods 
358 258 155 525 2.10 3.06 59.79 
359 249 196 705 2.92 3.54 78.84 
360 259 208 748 2.90 3.48 81.32 
362 255 214 578 2.27 2.70 83.24 
363 248 211 1008 4.09 4.81 85.27 
366 255 178 655 2.49 3.48 67.92 
367 245 188 631 2.60 3.33 77.60 
368 258 169 63? 2.52 3.40 66.87 
369 272 192 764 2.89 2.94 71.83 
370 243 164 370 1.56 2.17 65.20 
372 246 187 633 2.62 3.12 76.55 
373 244 159 450 1.85 2.50 64.90 
378 245 184 643 2.68 3.42 75.34 
Mean 2.56 3.23 73.22 
Vernal 
310 253 133 359 1.40 2.12 52.03 
324 260 158 390 1.63 2.34 59.81 
331 248 146 293 1.18 1.96 59.47 
341 252 159 419 1.65 2.47 61.98 
344 251 185 475 1.87 2.56 72.74 
361 251 168 384 1.55 2.18 67.32 
375 246 139 268 1.08 1.71 56.51 
Mean 1.48 2.19 61.41 
Grand mean 2.69 3.36 74.63 
L.S.D. (.05) 
( . 0 1 )  
2.65 
3.48 
0.42 
0.55 
2.44 
3.20 
Table 28. Mean performance of individual parental clones and their progenies 
for agronomic traits measured in Experiment 1, I 9 6 7 - 6 8  
Seed 
Sprlnp Yield Plant Plant Longest pro-
Entry vigor (lb./ Days to height width Growth stem duction 
no. (1-9) plant) bloom (in.) (in.) habit (in.) (1-9) 
Parents 
111 6.7 1.18 26.8 33.0 27.4 1.22 40.9 3.7 
112 6.4 1.42 24.9 29.7 30.3 0.99 41.8 8.7 
133 7.1 1.20 2 7 . 8  3 1 . 6  2 8 . 4  1.13 46. 5  7.5 
134 6 . 3  1 . 6 1  2 7 . 6  25.6 2 8 . 9  0 . 8 9  45.8 6.6 
153 7.2 1.30 24. 8 28.6 2 8 . 0  1.02 40.8 8 . 8  
154 6.1 1.49 24.6 32.8 27.9 1.18 46.0 4.3 
175 7.6 0 .  8 7  22.7 2 7 . 1  2 6 . 7  1 . 0 2  35.0 1.5 
176 7.0 1.24 2 6 . 1  28.2 2 8 . 5  1.00 40.7 4.1 
199 8.0 1.15 27.6 27.4 29.4 0.94 41.0 5 . 0  
100 6.7 1.31 22.4 29.1 28.7 1.02 38.1 6 . 1  
Mean 6.9 1.28 25.5 29.3 28.4 1.04 41.7 5 . 6  
progenies 
101 4.8 1.73 2 6 . 4  3 0 . 0  31.3 0.98 42.4 6 . 3  
102 4.6 1 . 6 0  25.5 29.7 32.7 0.92 42. 3 7.3 
103 5.0 1 . 6 3  29.7 31.5 2 8 . 8  1.13 4 3 . 8  7.1 
104 4.6 1 . 7 2  2 8 . 5  3 1 . 8  30.1 1.06 43.2 7.6 
105 4.6 1.75 29.2 2 9 . 8  31.9 0.93 44.7 6 . 5  
1 0 6  4.8 1.82 27.5 29.1 30.8 0.95 4 5 . 8  6 .4 
107 4.9 1 . 7 6  2 5 . 8  3 0 . 1  31.2 0 . 9 7  41.8 7.3 
108 4.7 1.77 25.3 31.8 31.7 1.00 43.4 6.7 
109 5.3 1 . 6 3  2 6 . 1  31.3 29.0 1 . 0 9  4 3 . 6  5.7 
Table 28, (Continued) 
Spring Yield Plant 
Entry vigor (lb./ Days to height 
no. (1-9) plant) bloom (in.) 
110 4.9 1. 66 25.9 3 1 . 2  
113 5.2 1 . 6 2  25.0 3 0 . 2  
114 5.2 1.46 24. 2 2 9 . 8  
115 4.0 1.88 2 6 .  3 3 0.4 
116 4.6 1 . 7 8  2 6 . 8  3 1 . 1  
117 5.3 1.68 25.9 30. 2 
118 5 . 6  1 . 6 3  2 6 . 2  30.5 
119 4.8 1.73 24.2 30.8 
120 4.1 1.75 24.7 29.8 
121 5.8 1.64 28.7 28.4 
122 6.0 1.49 28.8 3 0 . 6  
123 5.0 1.87 2 9 . 1  27.5 
124 5.5 1.75 27.8 27.9 
125 5.7 1.53 2 7 . 0  28. 2 
126 6.4 1.34 2 7 . 2  27.5 
127 5.7 1 . 5 0  25.5 29.7 
128 5.2 1 . 6 7  25.4 29.6 
129 5.5 1.50 2 3 . 8  26.4 
130 5.4 1 . 5 8  2 4 .  2  28.3 
131 4 . 9  1.80 2 5 . 6  30.0 
132 5 . 6  1 . 5 8  2 6 .  3 27.9 
135 5.3 1.64 25.9 29.5 
136 5.2 1 . 7 6  2 5 . 8  28.5 
1 3 7  5 . 0  1 . 7 1  23.4 29.8 
138 5.3 1 . 6 9  24.6 29.4 
139 4.8 2.02 3 0 . 2  2 6 . 8  
140 4.7 2.01 28.7 27.0 
I4l 6.0 1.50 2 7 . 0  3 0 . 8  
142 6.2 1.71 2 6 . 9  3 0 . 6  
Seed 
Plant Longest pro-
width Growth stem ductlon 
(in.) habit (in.) (1-9) 
29.8 1 . 0 5  
29.8 1 . 0 2  
30.0 1 . 0 1  
31.6 0 . 9 8  
30.2 1 . 0 3  
31.1 0 . 9 8  
29.6 1 . 0 6  
31.0 0.99 
29.9 1 . 0 0  
2 8 . 6  1 . 0 1  
2 9 . 6  1 . 0 5  
30.4 0 . 9 2  
31.1 0 . 9 0  
30.3 0 . 9 4  
29.0 0 . 9 6  
29.0 1 . 0 8  
29.0 1.03 
30.2 0 . 8 8  
30.1 0 . 9 6  
31.1 0.97 
29.3 0 . 9 8  
30.9 0 . 9 6  
3 1 . 0  0 . 9 2  
3 2 . 6  0.93 
31.3 0.94 
30.7 0 . 8 8  
31.1 0.87 
30.5 1 . 0 3  
31.3 0.99 
44. 5  6 . 7  
40.7 5.0 
38.2 3.4 
43.3 5.9 
44. 2 5.4 
42.5 6 . 7  
42.3 6 . 5  
43.4 6 . 7  
42.9 6.6 
42.7 8 . 3  
42.8 8.4 
45.2 8.1 
44.1 7.3 
40.5 8.6 
39.0 8.8 
4 3 . 6  8.2 
45.0 8.1 
38.1 6.2 
3 8 . 2  6.2 
42.1 6.1 
41.6 7.4 
42.9 7.8 
40.9 8.0 
42.0 7.7 
42.1 7.2 
49.7 8.6 
48.1 8.0 
44.0 6 . 7  
44. 2 8.2 
Table 28. (Continued) 
Spring Yield Plant 
Entry vigor (lb./ Days to heigh 
no. (1-9) plant) bloom ( in. ) 
143 5 . 6  1 . 7 2  27.8 3 1 . 0  
144 5.7 1.71 2 7 . 6  31.9 
145 5.8 1 . 6 9  25.9 28.7 
146 5.8 1. 6 6  2 6.4 28.7 
147 5.0 1.86 27.8 29.0 
148 5.0 1.94 28.4 29.0 
149 5.6 1.74 2 8 . 1  29.3 
150 5.2 1 . 9 6  28.4 3 0 . 6  
151 5 . 6  1.75 2 6 .6 2 9 . 2  
152 5.0 2.01 2 6 .6 28.5 
155 5.4 1.90 2 7 . 6  2 7 . 6  
156 5.8 1.86 2 7 . 0  2 8 .6 
157 5.9 1.78 2 6 . 8  2 8 . 2  
158 5.7 1 . 6 2  2 5 . 6  28.9 
159 5.9 1 . 6 7  2 5 . 6  26.4 
160 5 . 6  1 . 7 2  2 5 . 2  25.9 
161 4.7 1 . 9 1  2 8 .  2  27.9 
162 5.2 2.00 28.0 29.7 
163 5 . 6  1.77 2 8 . 3  2 6 . 8  
164 5.4 1 . 8 0  2 8 .  3 29.2 
4^ 5.1 1 . 9 0  25. 2  27.1 166 5.1 1.68 25.9 26.8 
167 6.0 1.45 25.3 3 1 . 1  
168 5.6 1.53 25.8 30.3 
169 6 . 2  1 . 5 0  2 4 .  5  2 8 . 1  
170 5.5 1 . 6 7  23.9 27.3 
171 5.7 1 . 7 1  25.8 30.7 
172 5.8 1 . 7 1  25.1 29.0 
173 5.4 1. 6 6  2 6 . 6  29.3 
Plant 
width Growth 
(in.) habit 
2 9 . 6  1.07 
29.4 1.10 
30.1 0.97 
29.9 0 . 9 6  
31.3 0.94 
3 0 . 8  0.95 
2 8 . 9  1.04 
31.7 0.97 
30.3 0 . 9 8  
30.1 0.95 
31.9 0.87 
3 2 . 0  0 . 9 0  
30.9 0 . 9 2  
3 0 . 6  0 . 9 6  
3 0 . 1  0 , 8 9  
3 0 . 7  0 .  8 5  
31.5 0. 8 8  
32.4 0.92 
31.0 0.87 
31.8 0.94 
30.4 0 . 9 0  
31.3 0. 8 6  
28.9 1 . 0 8  
30.3 1.00 
2 9 . 6  0.95 
31.1 0 . 8 9  
3 0 . 8  1 . 0 0  
30.7 0 . 9 5  
30.3 0 . 9 9  
Seed 
Longest pro-
stem duction 
(in.) (1-9) 
4 7 . 5  7.1 
48.1 6.8 
44. 3 5.5 
45.5 5.5 
4 7 . 2  7.5 
47.9 7.0 
4 3 . 8  7.2 
45.7 8.2 
42.0 6.7 
43.5 7.9 
45.6 7.5 
4 3 . 2  7.1 
47.7 7.1 
45.5 6.4 
41.2 4.4 
41.4 5.4 
45.2 6.2 
4 7 . 6  6.6 
44.1 7 . 0  
47.0 7.3 
41.0 6.8 
41. 5  7.4 
40.4 6.6 
42.0 7.3 
39.6 5 . 2  
41.1 6 . 3  
42. 6  6.6 
43.2 6.4 
40.8 7.4 
Table 28. (Continued) 
Seed 
Spring Yield Plant Plant Longest pro-
Entry vigor (lb./ Days to height width Growth stem ductlon 
no. (1-9) plant) bloom (In.) (In.) habit (In.) (1-9) 
174 6.0 1.57 27.7 2 8 . 1  3 0 . 1  0.96 43.6 7.7 
177 5.0 1 . 6 9  25.6 30.0 30.9 0.96 42.3 7.2 
178 5.2 1 . 7 6  2 5 . 0  30.3 30.7 0.99 41. 2  6 . 9  
179 5.5 1.51 24.6 29.4 30.2 0.99 44.0 4.3 
180 5.9 1.48 24.4 29.5 29.9 1.00 40.3 4.1 
181 4.9 1 . 7 8  25.6 30.4 30.5 1 . 0 0  4 5 . 6  3.7 
182 5.5 1 . 6 8  25.4 3 1 . 8  3 0 . 1  1.07 44.8 2.6 
183 5.1 1 . 7 2  2 5 . 8  29.1 30.7 0.96 4 5 . 6  6 . 5  
184 5.4 1 . 6 7  2 5 . 6  32.0 30.4 1 . 0 6  44.7 6.0 
185 4.2 1.87 24.6 31.8 31.7 1.01 44. 6 6 . 3  
186 4.5 1.86 24.4 30.4 31.8 0 . 9 6  45.4 6.1 
187 5.8 1.53 25.3 27,8 30.3 0.94 41.1 4.1 
188 5.4 1 . 6 9  24. 6 2 7 . 8  31.1 0 . 9 0  40.4 4.4 
189 5 . 6  1 . 6 3  2 3 . 8  30.0 31.2 0 . 9 8  41.1 4.7 
190 5.8 1 . 5 6  2 5 . 0  2 8 . 3  30.5 0 . 9 3  41. 3 5.0 
191 6.2 1.47 2 2 . 1  2 7 . 6  28.8 0 . 9 6  35.4 4.6 
192 6.1 1 . 3 6  22.7 29.7 28.8 1 . 0 5  37.4 4.5 
193 5.8 1.71 2 6 .  3 2 8 . 9  31.3 0.93 44. 5 4.8 
194 5.5 1 . 8 0  27.4 29.6 30.4 0.98 44.2 6.8 
195 4.7 1 . 8 8  24.2 31.1 3 0 . 0  1.04 42. 3 6.1 
196 4.6 2.04 24.1 30.2 31.1 0 . 9 8  42.5 5.7 
197 4.5 1 . 8 3  24. 3 27.4 3 0 . 0  0.93 41.9 7.5 
198 4.8 1.83 24.5 29.4 3 0 . 6  0.96 41. 2 4.6 
Mean 5.3 1 . 7 1  2 6 . 1  2 9 .  3 30.5 0.97 4 3 . 1  6 . 5  
Grand M, 5.5 1 . 6 7  2 6 . 1  29.3 30.3 0.98 43.0 6.4 
L  c  s  t  D I  
( .05) 0.8 0 . 2 3  1.8 2.1 2.0 0 . 0 9  2.9 1.3 
( .01) 1.0 0 . 3 0  2.3 2.8 2.6 0.o2 3.8 1.7 
Ent I 
no. 
201 
204 
206 
209 
215 
218 
225 
234 
242 
246 
Meai 
202 
203 
205 
207 
208 
210 
211 
212 
213 
2 9 .  Mean performance of Individual parental clones and their progenies 
for agronomic traits measured in Experiment 2, I968-69 
Seed 
Spring Yield Plant Plant Longest pro-
vigor (lb./ Days to height width Growth stem duction 
(1-9) plant) bloom (In.) (in.) habit (in.) (1-9) 
Parents 
5 . 7  1.04 27.2 2 6 . 2  23.5 1 . 1 2  3 2 . 0  5.5 
5 . 5  1 . 2 0  24.3 22.7 27.2 0.87 30.5 7.1 
3.4 2 . 1 3  2 5 .  8  1 8 . 6  34.9 0.55 37.7 7.2 
5.2 1.14 25.3 2 1 . 2  29.4 0.75 31.2 7.8 
5.1 1 . 6 9  24.3 23.1 30.2 0.79 32.5 4 . 9  
4,6 1.95 2 6 . 3  1 9 . 8  30.9 0. 6 8  30.4 6.4 
5.1 1 . 6 2  25.1 1 8 . 8  33.8 0 . 6 0  31.3 2 . 6  
5.1 1.18 2 3 . 8  23.6 28.4 0. 8 6  35.2 2.8 
5.0 1.73 27.4 2 6 . 0  29.8 0 . 9 0  33.8 5 . 6  
4 . 9  2 . 1 6  24.2 17.2 34.8 0 . 5 0  29.6 4.4 
5.0 1.58 25.4 21.7 30.3 0 . 7 6  32.4 5.4 
progenies 
4.2 2.02 24.0 2 2 . 9  30.5 0.78 32.4 6.8 
3.9 1.75 24.9 24.0 2 8 . 8  0.87 31.9 6 . 5  
5.2 1.72 2 7 . 2  2 2 . 8  26.8 0.89 29.7 7.0 
5.0 1 . 6 0  2 6 . 3  21.2 29.3 0.80 31.4 7.9 
4.8 1.57 27.3 25.0 24.8 1.05 29.6 6.8 
5.3 1.35 24. 8  24.0 2 9 . 2  0 . 8 5  31.7 8 . 5  
4.8 1.87 2 6.4 22.4 2 7 . 6  0.87 3 0 . 6  7.0 
2.7 2.44 27.7 21.7 3 2 . 6  0.72 31.8 7.7 
3.7 2.10 2 6 . 7  21.1 32.1 0 . 6 8  32.9 7.7 
3.8 2.11 2 6 . 6  23.6 32.2 0 . 7 6  3 2 . 8  7.6 
Table 29. (Continued) 
Entry 
no, 
Spring 
vigor 
(1-9) 
Yield 
(lb,/ 
plant) 
Days to 
bloom 
Plant 
height 
(In.) 
216 5 . 6  1 . 2 3  27.5 23.3 
217 5.4 1.44 28.6 2 3 . 2  
219 4.7 1 . 7 6  25.2 22.0 
220 5.3 1 . 3 0  2 6 . 2  24. 3 
221 5.1 1.62 24.8 21. 5 
2 2 2  4.8 1.55 24.2 21.7 
223 5.3 1.37 25.9 22.8 
224 4.1 2 . 0 7  2 6 . 7  20.6 
226 4 . 9  1.55 27.4 21.8 
227 4.7 1.92 25.$ 21.0 
228 4.1 1.63 24.0 24.0 
229 3.8 2.16 2 6 . 9  2 6 . 1  
210 5.3 1.25 2 5 . 1  23.6 
231 4.3 1.94 2 6 . 9  1 8 . 8  
232 5.9 1.31 24. 5 2 1 . 3  
233 4.7 1.72 2 6 . 0  22.2 
235 5.1 1.77 28.6 23.3 
236 4 . 5  1.84 27.4 23.8 
23? 4.9 1.37 24.6 21.8 
238 4. 2 1 . 9 1  2 6 . 6  25.5 
239 5.7 1.32 2 6 . 5  21.6 
240 5.0 1.73 2 8 . 9  2 3 . 6  
241 4.0 1 . 9 2  28.2 23.5 
243 5.0 1 . 9 0  25.5 21.2 
244 4.1 2.11 27.7 19.9 
245 ^.5 1 . 8 9  27.4 20.4 
247 5.0 1 . 7 6  27.7 20.3 
248 4.8 1. 56 23.4 1 9 . 6  
Plant 
width Growth 
(In.) habit 
23.7 1.07 
25.7 0.96 
32.3 0 . 7 2  
24.1 1 . 0 9  
29.7 0 . 7 6  
2 8 . 6  0 . 8 1  
25.1 0 . 9 6  
33.1 0.66 
29.1 0 . 8 0  
34.$ 0 . 6 2  
27.2 0.93 
3 0 . 2  0 . 8 9  
2 7 . 2  0 . 9 1  
33.4 0 . 5 7  
27.4 0 . 8 5  
3 0 . 6  0 . 7 8  
2 7 . 8  0 . 8 5  
28.5 0 . 8 8  
29.9 0.77 
29.4 0 . 8 8  
2 8 . 5  0 . 7 8  
2 7 . 9  0 . 9 0  
31.8 0 . 7 8  
33.7 0. 6 6  
34. 2 0 . 6 0  
32.5 0 . 6 5  
33.2 0.64 
30.9 0 . 6 9  
Seed 
Longest pro­
stem duction 
( In. ) (1-9) 
28.2 7.1 
30.4 8.2 
35.0 6 . 9  
31.6 7.1 
31.8 7.5 
30.9 6 . 1  
29.4 6 . 9  
33.5 8 , 0  
31.8 7.3 
33.8 7.5 
3 2 . 2  5.0 
34.1 7.5 
3 2 . 8  7.1 
29.0 7.4 
2 8 . 6  5.7 
31.6 5 . 6  
31.0 7.9 
32.3 7.2 
31.1 7 . 3  
32.9 6 . 5  
29.3 8.2 
31.0 7.7 
32.0 7r3 
30.3 7 . 3  
3 2 . 0  8.4 
2 9 . 6  7.7 
31.0 8.8 
29.9 6 . 5  
Table 29. (Continued) 
Entry 
no. 
Sprinc 
vigor 
(1-9) 
Yield 
(lb./ 
plant) 
Days to 
bloom 
Plant 
height 
(in.) 
249 
250 
251 
252 
253 
254 
255 
4. 6 
4.5 
3.9 
5.1 
1.86 
1.82 
1 . 8 5  
2 . 1 7  
1.99 
2.06 
1.54 
2 6 . 0  
2 6 . 1  
24.6 
27.9 
23.9 
25.9 
2 5 . 0  
22.4 
17.9 
2 0 . 0  
23.2 
19.0 
18.9 
22.2 
Mean 4 . 7  1.75 2 6 . 2  22.1 
Vernal 
( c k .  )  
5.1 1.75 2 7 . 1  21.8 
Grand 
mean 4 . 7  1 . 7 2  2 6 . 1  22.0 
L.S.D. 
( . 0 5 )  
(.01) 
1. 7  
2 . 2  
0 . 8 0  
1 . 0 5  
3.9 
5.2 
4.9 
6 . 5  
Plant 
width Growth 
(in.) habit 
Seed 
Longest pro-
stem duction 
(in.) (1-9) 
3 2 . 6  
3 2 . 6  
3 5 . 8  
3 3 . 0  
3 1 . 4  
3 3 . 9  
3 1 . 1  
0.72 
0 . 5 8  
0 . 5 8  
0 . 7 3  
0 . 6 4  
0 . 5 7  
0 .76  
30 .1  
2 8 . 7  
0.78 
0.77 
30.1 0 . 7 8  
7.5 
9 . 2  
0.31 
0.41 
31.8 
30 .6  
3 2 . 7  
3 3 . 2  
2 9 . 3  
31.0 
30.4 
31.4 
31.6 
5 . 8  
7.6 
6.6 
7.2 
6 . 8  
8 . 4  
6 . 3  
7.2 
8 . 2  
31.6  6 . 9  
4 . 7  
6 . 2  
2.1 
2 . 8  
